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PLANT PHYSIOLOGY 


JANUARY, 1935 


TOXICITY OF ALUMINUM ON SEEDLINGS AND ACTION OF 
CERTAIN IONS IN THE ELIMINATION OF THE 
TOXIC EFFECTS! 


WALTER S. EISENMENGER 
(WITH FOUR FIGURES) 


Introduction 


The physiological action of aluminum ions in a nutrient medium has 
been studied in humid areas for approximately 25 years. The relative 
abundance in the earth of this element would suggest frequent solution of 
portions, but the solution tension of aluminum compounds in nature pre- 
vents appreciable quantities from reaching the ionic stage. It has been 
found, however, that aluminum occurs in nearly all seed plants, which would 
indicate that the hydrogen ion concentration in the immediate area of roots 
is not the same as its concentration in the soil mass. 

The toxicity of aluminum is not so easily determined as is the toxicity 
of the salts of the alkali and alkali earth elements. This is due to the fact 
that the salts of aluminum which are appreciably soluble are those of the 
strong acids, and these salts in turn are strongly hydrolyzed in aqueous 
solution, resulting in secondary formation of an acid. This in turn gives 
rise to hydrogen ions. The trials made may result in part from the 
measurement of the sum total of hydrogen and aluminum ion toxicity. 
This may occur in water or in soil media. 

McLean and GiuBert (16) found that the organic compound, aluminum 
citrate, would in part pass through a pyroxylin membrane, and that the 
non-diffusible colloid portion could induce toxicity. 

In general the object of these experiments was to attempt to ascertain 
the action of aluminum on plants. It was hoped to determine: (1) the tox- 
icity of aluminum salts of organic acids (these-salts do not. precipitate 
aluminum hydroxide when the alkalinity is raised) ; (2) the counter-active 

1 Contribution of the Massachusetts Agricultural Experiment Station no. 175. 

1 
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effects of aluminum toxicity by the presence of a certain anion (OH)-, and 
cations Ca** and K*. 


Review of literature 


The trials to determine the action of aluminum on plants in nutrient 
solutions and in soil have been numerous. The harmful effects of the alumi- 
num ion in water are not difficult to demonstrate, but when attempts are 
made with a three phase and heterogeneous medium such as soil, where the 
varied hydrogen ion concentration, adsorptive properties, varied quantities 
if water, and diverse activity of microorganisms enter the picture, the matter 
is largely one of circumstantial evidence with respect to evaluating the dele- 
terious effects of aluminum. 

The reaction of plants to aluminum is in a measure dependent upon their 
degree of adaptation to their habitat. Thus plants which are closely related 
to those of the prehistoric past subsist on less potassium, calcium, and mag- 
nesium and have in their ash abundant quantities of aluminum, iron, and 
silica. Stokuasa (27) has found that xerophytes and mesophytes are sen- 
sitive to aluminum while hydrophytes are to a greater degree resistant to 
the element. One of the lycopods contains slightly more than 35 per cent. of 
aluminum oxide in its ash, while a plant like the common pea may contain 
but 20 p.p.m. in the ash (2). Mesophytes that by chance grow in a medium 
of moist or marshy ground contain more aluminum than those adapted to 
cultivated soil. 

The harmful effects of aluminum as suggested by STrokuasa (29) are 
contractions of the protoplasm, and stronger solutions may soften or even 
dissolve this substance. He found that when strong harmful concentrations 
were used there was less aluminum absorbed by the plant than when more 
dilute solutions were used, and from this concludes that the process is not 
one of simple absorption but one of alteration of permeability and dis- 
turbance of the cell colloids. This eventually leads to outward passage of 
calcium, potassium, and magnesium. The aluminum in turn prevents en- 
trance of excess iron into the tissues. SKEEN (25) has found that calcium 
ions have an antagonistic effect upon the aluminum which causes the toxicity. 
Also McLEANn and GiuBert (15) have demonstrated that aluminum poison- 
ing was accompanied by reduced absorption of dyes, of nitrates, and of 
water. The aluminum was found for the most part in the cortex and con- 
centrated in the nucleus of the protoplasm. 

Ruprecut (23) states that the first layer or two of cells in the growing 
part seem to be principally affected. The harm was probably due finally to 
lack of nourishment rather than to poisoning itself. Sziics (31) concludes 
that aluminum, like yttrium and lanthanum, has the capacity to retard plas- 
molysis instead of increasing permeability as was formerly thought. This 
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effect is to retard the relative capacity to take up other nutrients. It solidi- 
fies protoplasm. Denison (7) found that aluminum salts stimulate am- 
monifying organisms but act adversely upon nitrifying bacteria. Mc- 
GrorGcE (13) finds that sugar cane grown in acid soils containing soluble 
iron and aluminum is characterized by abnormal accumulations of these 
elements in the nuclei surrounding the xylem cells at the nodal point of the 
stalk. Maaistap (17) states that water cultures of aluminum were found to 
prevent the formation of lateral rootlets on barley, but not on rye. 

INCREASED GROWTH RESPONSE DUE TO ALUMINUM.—ROTHERT (22), one of 
the first investigators of aluminum toxicity, reported that definite limited 
amounts of aluminum salts may stimulate plant development. McLEANn and 
GuuBeRT (16) found that concentrations of aluminum in solutions of low con- 
centration, such as 3-13 p.p.m., stimulate growth. Sommer (26), by careful 
purification of salts, found that millet showed a markedly increased growth 
rate due to the presence of aluminum in the solution. The effect was espe- 
cially marked with respect to the quality of the seeds. Maz (18), also by 
using extreme care in purification of salts, found aluminum essential for 
adequate development of corn. SToKuasa (28), by using a low concentra- 
tion (0.0002 atomic weight of aluminum per liter) obtained increased 
growth of plants as compared with those solutions containing no aluminum. 

In the plant world there is obviously an extreme variance of tolerance 
and requirement as concerns elements; and a generalization or incompatible 
comparison is always misleading. The indirect effects of aluminum may 
not be due to the aluminum but to the acidity produced by the salt. This 
is especially true for the aluminum salts of strong acids. 

CoviuLE (6), in order to attain a high acidity for acid loving plants, 
Rhododendron, Vaccinium, Franklina, and Hydrangea, added aluminum 
sulphate and obtained remarkable results in soils that had become too 
alkaline. 

CONDITIONS CONDUCIVE TO ACTIVE ALUMINUM.—<Active aluminum is 
found more abundantly (1) in acid soils, (2) in soils low in organic matter, 
(3) in humid areas when the seasonal water supplies are low, and (4) in 
arid regions when the alkalinity becomes high. Stokuasa (30) states, ‘‘the 
richer the soil in decomposed organic matter the stronger the combination 
of aluminum sulphate and aluminum chloride which can be used without 
injury to plant life.’’ GmBEerT and PEMBER (9) found the dry weight yields 
of barley plants grown in samples of acid soils from several soil types, 
widely separated geographically, very closely correlated with active alumi- 
num. This corresponds with the findings of Prerre, PonuMAN, Gorpon, and 
McIuvaineE (21). Turner (34) found that aluminum is invariably actively 
present only in soils with pH values less than 5.1. The amount of replace- 
able aluminum, however, is not regular with respect to hydrogen ion con- 
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centration. Miyake (20) reports that the toxicity of aluminum chloride 
for rice seems to be approximately equal to that of hydrochloric acid of 
the same normality, but that the concentration of hydrogen ions found 
formed by the hydrolysis of aluminum chloride is less than that formed by 
dissociation of hydrochloric acid of the same normality. 

It is stated by Maaistap (17) that data relating to the solubility of alu- 
minum in water and soil solutions show that at pH 5 there are 1-2 p.p.m. 
of aluminum oxide equivalent in solution. As t!° acidity decreases to the 
neutral point the solubility decreases almost to zero. When the acidity 
becomes greater than pH 5 the solubility increases until pH 4.5 is reached, 
at which point the solubility increases rapidly. Strongly alkaline soils 
were found to contain much aluminum. One, at pH 9.01, contained 31 
p.p.m. These data are analogous to those of Ligon and Pierre (11). 

McGeorceE (13) states that acidity per se or hydrogen ion concentration 
of the intensity present in our most acid soils has absolutely no influence 
upon growth of sugar cane. It is, he states, the aluminum salts which are 
present in such soil types that retard plant growth. McGrorcre, BREAZEALE, 
and Burgess (14), in their work on electrometric titration measurements 
of the solubility of aluminum compounds at different hydrogen ion concen- 
trations, conclude that from pH 5 to 7.5 aluminum is almost completely 
insoluble, while at pH 8 the aluminate forms. Black alkali soils contain 
appreciable amounts of water soluble aluminates. 

TOLERANCE OF DIFFERENT PLANTS.—McLEAN and GinBert (15) found 
considerable variance in plant tolerance. Most sensitive are lettuce, beets, 
timothy, and barley ; medium sensitive are sorghum, cabbage, oats, and rye; 
resistant are corn, turnips, and red top (the last is especially resistant). 
SKEEN (25) found the white lupine to be about three times as resistant to 
aluminum as is the kidney bean. 

REMEDIAL MEASURES FOR ALUMINUM TOXIcCITY.—The suggestions that 
have been made for alleviating the toxicity of aluminum have been the ap- 
plication of neutralizing agents and buffers. Also the calcium ion has been 
demonstrated to overcome it (25). It has been found that lime, phosphate, 
and organic matter remedy the bad effects of aluminum. In reclamation 
of alkaline lands summer leaching has been suggested for elimination of 
soluble aluminum compounds. 

Other workers have made valuable suggestions as to active aluminum 
occurrence and agencies for its elimination (5, 10, 19, 7, 20, 3, 4, 1, 24). 

OPPONENTS OF THEORY OF ALUMINUM TOXICITY IN soILs.—Owing to the 
apparent action of aluminum in acid solutions and soils, the question has 
been raised as to which ion, the H* or Al**, is the one that is destructive to 
plant tissue. Thus after years of experimentation, adversaries of the alu- 
minum toxicity theory maintain that inaccurate observations account for 
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the appraisal of this element in toxicity. Stoxknasa (30) says: ‘‘The state- 
ment that aluminum compounds in the soil have an injurious effect on plant 
growth is based on no exact experimental foundation.’’ Line (12) states 
regarding the toxic aluminum theory of soils that ‘‘old evidence and fresh 
experimental work seem to show that this theory is no longer tenable,’’ that 
most of the aluminum in the water is in the form of colloidal hydroxide. 


Methods 


Aluminum citrate and aluminum tartrate were the salts used. Seed- 
ling stages of the soy bean (variety Manchu), corn (variety Sweepstakes), 
and Japanese buckwheat were the plants employed in the growth trials. 

The seeds were germinated in a dish in the dark, and when the sprouts 
were about 10 mm. long they were transferred to the growth medium. 
The sprouts of the buckwheat were about 8 mm. long. The roots dipped into 
the solution. 

CRITERIA OF GROWTH.—Three criteria of growth were used: (1) root 
elongation, (2) length of top, and (3) total dry weight. There is greater 
simplicity with respect to behavior in the seedling stage than in the later 
periods of growth. In the early stages of growth the plant is well supplied 
by ions, and the organic matter of the seed is sufficient to afford protection 
from starvation of plants grown in distilled water. The protoplasm seems 
to be reactive to the toxic constituents of the solution. 

The investigation involved the toxicity of aluminum citrate for corn; 
aluminum citrate and tartrate for soy beans; and aluminum tartrate for 
buckwheat. The concentration of each salt ranged from 0.00012 to 0.006 M, 
or 2, 5, 15, 30, 50, 70, 85, 95, 98, and 100 per cent. of 0.006 M. Tests were 
also made to show the effects upon growth of mixtures of the aluminum salt 
and calcium nitrate, calcium hydroxide (freshly prepared), and potassium 
hydroxide. In the case of the mixtures eleven sets of percentage molecular 
proportions were used: 0+100, 2+98, 5+95, 15+85, 30+70, 50+ 50, 
70+ 30, 85+ 15, 95+ 5, 98+ 2, and 100+ 0. 

The methods relating to roots were essentially the same as those de- 
scribed by TRELEASE and TRELEASE (32) and by EISENMENGER (8). For 
each culture two pyrex beakers (tall form without lip) were used. The 
smaller beaker was of 300-ce. capacity, the larger of 600-ce. capacity. Over 
the top of the small beaker was stretched a piece of paraffined mosquito 
netting which was secured below the rim by a ligature of paraffined thread. 
The smaller beaker was placed inside the larger one, and the culture solu- 
tion was poured in until the liquid levels inside and outside the smaller 
beaker were even at its top. 

When the seedlings from the germinating dish were of the required 
length they were placed on the mosquito netting so that the roots dipped 
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into the culture solution. Duplicate cultures of 25 plants were used for 
each experimental solution, a total of 50 plants for each concentration. The 
cultures were placed in a dark room and the seedlings were allowed to grow 
until the primary roots of the control culture had acquired an average 
length of about 95 mm., or until these roots had elongated 85 and 87 mm. 
(95-10 or 95-8). 

The length of the primary root, the maximum length of top, and the 
total dry weight of each individual plant were then recorded and the aver- 
age computed. From the average of root length was deducted the average 
length of the roots at the time the seedlings were taken from the germinating 
dish. The difference constituted the average root elongation value for the 
culture. The growth data here presented are relative values. Each rela- 
tive growth value was obtained by dividing the average elongation of root, 
top, and total dry weight of a given culture by the average elongation of 
root, top, and total dry weight of the control culture and multiplying this 
quotient by 100. With each group were four beakers containing 25 plants 
each in a complete nutrient medium. These 200 plants were designated as 
controls. For corn the control was Knop’s solution. For soy beans and 
buckwheat the control contained: CaHPO,, 0.0011 M; MgSO,, 0.0057 M; 
CaSO,, 0.0013 M; KCl, 0.0037 M; and KNO,, 0.007 M. There was little dif- 
ference in the controls with respect to reactivity toward plants, but for soy 
beans the latter was slightly more favorable than was Knop’s. 

The temperature during the growth period of the seedlings varied from 
21° to 22° C. The time required for the roots of the control solution to 
acquire an additional length of 85 or 87 mm. varied from 95 hours for buck- 
wheat to 116 hours for corn. When a series of single salt solutions was used, 
two additional cultures of 25 plants each grown in distilled water were 
used. The distilled water was obtained from a Barnstead still. 


Discussion 


CorN 


Roots.—As previously stated, corn has been regarded as one of the 
plants more resistant to aluminum toxicity. In the present experiment, 
however, 15 per cent. of 0.006 M aluminum citrate exerted a decidedly re- 
tarding effect on the growth of corn roots. This amount is approximately 
equal to 22 p.p.m. of aluminum (fig. 1B). Amounts higher than this ex- 
erted only a slightly increased toxicity on roots compared with that at 15 
per cent. of 0.006 M. The plants thus affected showed lesions of the primary 
root principally. The end of this root eventually assumed the nature of an 
open wound. The lateral roots showed no such effects except those branch- 
ing from near the injury. (See table I for comparative data.) 
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TABLE I 


GROWTH OF CORN SEEDLINGS IN SOLUTIONS OF ALUMINUM CITRATE 








PERCENTAGE 0.006 M 
ALUMINUM CITRATE 


DRY WEIGHT REACTION 





% % % pH 
53.8 68.4 5.82 
62.1 88.0 | 4.75 
51.1 76.6 | 4.50 
50.9 67.7 | ; 4.50 
32.5 52.1 4.50 
32.2 47.1 | 5 4.05 
29.4 47.5 3.64 
29.4 39.0 | 3.55 
22.4 39.5 3.55 
24.9 42.5 | | 3.50 
13.4 34.9 3.43 











Roots are by far the most injured by the toxic solution; their variation 
due to variable concentration causes more marked breaks in the growth 
curve than is the case with curves of the relative length of tops and curves 
of the total dry weight. Thus the relative length of tops and relative total 
dry weight (fig. 1 B, C) indicate that the greatest deviation occurs between 
concentrations of 15 and 30 per cent. of 0.006 M, while the greatest devia- 
tion in relative root length occurs between 5 and 15 per cent. of 0.006 M. 

Tops AND TOTAL DRY WEIGHT.—The relative diminution due to aluminum 
citrate is greater for the tops than for total dry weight. In view of the 
fact that the diminution of relative length of roots is most pronounced, 


TABLE II 


GROWTH OF CORN SEEDLINGS IN SOLUTIONS OF CALCIUM HYDROXIDE 





PERCENTAGE 0.006 M 
CALCIUM HYDROXIDE 


Roots DRY WEIGHT REACTION 





pH 
6.61 
7.85 
7.85 
9.0 
9.6 
9.6 
9.6 
9.6 
9.6 
A* 
A* 


% 
66.4 53.9 
93.1 55.2 
117.1 68.4 
121.6 74.3 
111.7 80.2 
80.5 63.6 
57.7 53.9 
32.0 | 28.9 
25.0 | 30.6 
26.1 37.6 
26.9 44.9 


IYO OWKWMAID 
$9 6 G@ PON N Ot ® xQ | 
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oj 


“J 
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* A indicates values greater than preceding figure. 
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TABLE III 


GROWTH OF CORN SEEDLINGS IN SOLUTIONS OF ALUMINUM CITRATE+ CALCIUM HYDROXIDE 








PERCENTAGE 0.006 M | PERCENTAGE 0.006 M 
Roots Tors DRY WEIGHT | LUMINUM CIreats | CALcI? SOxIDE REACTION 





| 
% % % % 
27.0 44.9 71.2 100 
23.0 50.0 77.0 98 
16.8 46.6 82.0 : 95 
41.7 66.5 113.4 85 
84.5 69.2 100.7 70 
126.7 78.3 110.6 50 50 
94.5 57.2 78.9 
42.2 36.1 62.5 
14.0 20.6 49.1 
12.4 11.3 42.5 
72 13.4 34.6 

















* 'V indicates values above pH 9.0. 


it is probable that the plants affected contained less water or had more 
thickened anatomical parts than the normal plants, as is the case in some 
pathological conditions. The corn grown in the higher aluminum concen- 
trations probably was competing more for water than were normal plants. 

MIXTURES OF ALUMINUM CITRATE AND CALCIUM HYDROXIDE.—In growing 
plants in mixtures of the salts of the more electro-positive elements, the 
relative effects are more easily shown, for the growth effects are for the most 
part those produced by the cations. When mixtures containing aluminum 
salts are concerned a more complex relationship is introduced, owing to the 
secondary products of hydrolysis. Thus in the solutions of all aluminum salts 


TABLE IV 


GROWTH OF CORN SEEDLINGS IN SOLUTIONS OF CALCIUM NITRATE 








PERCENTAGE 0.006M_ | 
| ; 
CALCIUM NITRATE | REACTION 





% % 
66.4 | 53.8 68.8 
96.1 82.1 89.5 
94.1 | 82.1 | 95.9 
99.9 97.0 97.8 
92.3 97.8 | 97.4 
78.9 85.8 76.7 
83.0 90.7 83.3 
87.8 93.1 91.9 
81.1 84.3 88.6 
78.0 93.4 83.6 
75.5 | 78.1 77.0 


% 


Roots | Tors | DRY WEIGHT | 
| 
| 
| 
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TABLE V 


GROWTH OF CORN SEEDLINGS IN SOLUTIONS OF ALUMINUM CITRATE + CALCIUM NITRATE 








PERCENTAGE 0.006 M | PERCENTAGE 0.006 M 


T Tops DRY WEIGHT 
Roots ALUMINUM CITRATE | CALCIUM NITRATE 


REACTION 





% % % | % pH 
78.1 77.0 | 

48.2 73 
76.1 | 70.8 

65.7 62.8 

63.9 70.5 

45.9 46.6 54.0 
41.6 57.9 

20.2 | 35.2 57.5 
by bef 40.8 

3.6 12.4 30.3 
7.2 13.4 34.9 
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98 4.33 
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the cation gives rise to hydrogen ions in measurable quantities. We are 
not dealing with two elements, which are cations, but in addition the cation 
hydrogen ions in excess of hydroxyl anions. The influence of the additional 
ions renders interpretation of relative growth data more difficult. In this 
investigation growth data were compared when corn seedlings were grown 
in aluminum citrate alone, in calcium hydroxide, and in mixtures of the 
two compounds. The total molecular concentration was not changed, 0.006 
M of calcium hydroxide and aluminum citrate. 

In order to express more adequately the effects of these compounds when 


TABLE VI 


GROWTH OF CORN SEEDLINGS IN SOLUTIONS OF ALUMINUM CITRATE + POTASSIUM HYDROXIDE 








= 
PERCENTAGE 0.006 M | PERCENTAGE 0.006 M 


DRY WEIGHT POTASSIUM REACTION 
LUMINUM CITRATE | ‘ 
— o | HYDROXIDE 
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9.8 
9.7 
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fl Fig. 1 fF 


A, B,C, D, E, F: Elongation of corn roots and tops together with total dry weight 
in simple solutions and mixtures of aluminum citrate and calcium hydroxide, also in sim- 
ple solutions and mixtures of aluminum citrate and calcium nitrate. Ordinates represent 
percentages of elongation and total dry weight; abscissas represent percentage molecular 
proportions of 0.006 M. 
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in mixture, it is essential to know what is the effect of calcium hydroxide 
when used singly (see table II). The molarity was based on 0.006 M eal- 
cium hydroxide. The curve (fig. 1 A) would indicate that low concentra- 
tions of calcium hydroxide are stimulating to growth but that at higher 
concentrations the relative growth curve rapidly falls for the relative root 
length, and to a lesser degree for tops and total dry weight. The dele- 
terious effect is not to a great extent due to the calcium ion, but rather to 
the hydroxyl ion. For all cases the range of toxicity is greater for the 
aluminum salt than for the calcium base (fig. 1 A, B, C). 

One of the most outstanding characteristics of growth relationships is 
the abnormal stimulation to growth of roots in the seedling stage when the 
plants are grown in mixtures of aluminum citrate and calcium hydroxide 
(table III). In part this is due to the neutralization of the acidic proper- 
ties of the aluminum compounds. The neutralization is not the cause of the 
increased growth, however, for roots and total dry weight are greater than 
the growth results with either the aluminum salt or the calcium base. This 
reaction does not confine itself to single groups, but applies to all plants 
used in the experiment, which represent the mean of thousands of plants. 
It would seem that a neutral salt would indicate the effect of calcium ion 
without the accompanying neutralization of the hydroxyl] ion. 

It may be stated that the combined action of the hydroxyl ion and the 
calcium ion results in a marked effect in overcoming the toxicity of the 
aluminum and the hydrogen ions in growth trials. 

GROWTH RESULTS OF MIXTURES OF CALCIUM NITRATE AND ALUMINUM 
CITRATE.—In single salt solutions one of the salts least toxic to seedlings is 
calcium nitrate in dilute solutions (8). The low toxicity makes it difficult to 
secure consistent growth results (table IV). The growth of corn seedlings in 
varying percentage proportions of 0.006 M was not greatly reduced from that 
of the controls. It does not modify to any degree the hydrogen ion concentra- 
tion of a medium in which it is placed. When various molecular propor- 
tions of calcium nitrate and aluminum citrate are mixed, the results indicate 
that the aluminum ions and hydrogen ions increase the toxicity of the 
solution as compared with the results obtained from the calcium nitrate salt 
used singly, but that the calcium salt ameliorates the toxic effects of the 
aluminum ion. It can definitely be stated that the calcium ion exerts an 
antagonistic action on the aluminum ion as concerns growth promotion. As 
is shown by the relative growth promoted by the addition of calcium and 
hydroxyl ion formed, however, the nearly neutral salt in no instance has 
the extreme action that is seen when calcium oxide is used instead of the 
nitrate (fig. 1D, F and table V). 

ALUMINUM CITRATE AND POTASSIUM HYDROXIDE.—Potassium hydroxide 
was used in mixtures with aluminum citrate to determine to what extent it 
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TABLE VII 
GROWTH OF CORN SEEDLINGS IN SOLUTIONS OF CITRIC ACID EQUIVALENT IN ACIDITY TO 
CORRESPONDING ALUMINUM SALT 





EQUIVALENT IN PH oF 
DRY WEIGHT ALUMINUM CITRATE | REACTION 
PERCENTAGE 0.006 M 


% 
68.8 
77.8 
65.4 
83.3 
93.1 
78.0 
70.7 
57.3 
45.4 
: 60.9 
10.2 3 54.8 


pH { pH 

0 5.82 
4.75 
4.50 
4.50 
4.50 
4.05 
3.64 
3.55 
3.55 
3.50 
3.43 
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would resemble calcium hydroxide in growth promoting properties when 
mixed with the same aluminum salt. In no instance did it cause the abnor- 
mally large growth which occurred with the calcium base. There.was low 
toxicity over a wide range of concentration of the mixture as shown by 
total dry weight. For roots and tops a point was attained where marked 
improvement occurred, 50 per cent. of 0.006 M of each component. On one 
side of this point the hydrogen and aluminum ions were apparently too 


TABLE VIII 
GROWTH OF SOY BEAN SEEDLINGS IN SOLUTIONS OF ALUMINUM 
TARTRATE + POTASSIUM HYDROXIDE 











| /prandenne | 
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Fig. 2 


A; Elongation of corn roots and tops together with total dry weight of corn seed- 
lings grown in simple and mixed solutions of aluminum citrate and potassium hydroxide. 

B: Elongation of corn roots and tops in addition to total dry weight of seedlings 
grown in aluminum citrate, and in citric acid, the latter of sufficient concentration to 
make the acid solution of pH equal to the corresponding aluminum salt solutions. 

C: Elongation of soy bean roots and tops in addition to dry weight of seedlings 
grown in simple and mixed solutions of aluminum tartrate and potassium hydroxide. 

D: Elongation of soy bean roots and tops in addition to total dry weight of seed- 
lings grown in aluminum tartrate and tartaric acid. Concentration of the acid was 
sufficient to make it of pH equal to the corresponding salt solutions, 


active, with little antagonism of the potassium ion toward the aluminum; 
and on the other side the alkalinity was too pronounced. The general out- 
line of the curve would suggest a point of neutralization for best relative 
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growth with meager action of potassium in retarding the influence of alumi- 
num (fig. 2 A and table VI). 

COMPARATIVE EFFECT OF ALUMINUM CITRATE AND CORRESPONDING CITRIC 
AcID.—Some controversy has arisen regarding the extent to which the hy- 
drogen ion causes the deleterious effects in aluminum toxicity experiments. 
In order to make an approximate comparison, corn seedlings were grown in 
water solutions that were made acid with citric acid to the same extent as 
were the corresponding aluminum citrate solutions. This was done by com- 
paring indicator reactions. In the extremes of low concentration the growth 
was not very different. As the concentration of the salt and the acid in- 
creased there was a gradual fall in the relative growth. The fall in the 
growth curve (fig. 2B) is more rapid for the aluminum salt than for the 
corresponding acid. Thus at 50 per cent. of 0.006 M, the relative growth 
value of corn roots for aluminum salt is approximately 12 as compared with 
51 for the acid (see table VII). At 30 per cent. of the same total concentra- 
tion for the total aluminum salt concentration on corn roots the value is 
about 18, and for the acid, 70. This would suggest that the toxicity of alu- 
minum is always augmented by hydrogen ions, but the relative effects are 
not nearly of equal value. It may be stated that much of the actual toxicity 
of aluminum salts is due to the aluminum ion. 


Soy BEANS 


Soy beans were grown during the seedling stage in various percentage 
proportions of 0.006 M aluminum tartrate and citrate. Aluminum tartrate 
contains proportionately twice as much aluminum as does the same molarity 
of aluminum citrate. Tartaric acid is a dibasic acid, while the citrate is a 
salt of a tribasic acid. 

Roots.—At a concentration of 5 per cent. of 0.006 M aluminum tartrate, 
the toxicity toward the root system is nearly equal to the maximum, equiva- 
lent to about 16 p.p.m. of aluminum. 

Tops AND TOTAL DRY WEIGHT.—The maximum toxicity as indicated by 
tops and total dry weight is not attained until the plants are grown in a 
concentration equal to 30 per cent. of 0.006 M. This is only slightly less 
than 100 p.p.m. (fig. 3 A, B,C). At this concentration and higher the roots 
seemingly did not grow at all. 

As with corn, the soy beans were grown in solutions containing fractional 
parts of the total molecular concentration, 0.006 M caleium hydroxide. At 
moderately low concentrations there is a marked stimulation to growth in 
the seedling stage. This increase is measurably greater than that of the 
control. Although soy beans have been classified as of low lime requirement 
(33), concentrations of calcium hydroxide equivalent to 0.0018 M of eal- 
cium appear to augment growth above the control for roots of the beans. 
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TABLE Ix 


GROWTH OF SOY BEAN SEEDLINGS IN SOLUTIONS OF TARTARIC ACID 





TARTARIC ACID EQUIVA- 

LENT TO PH OF CORRE- 

SPONDING PERCENTAGE 
OF ALUMINUM SALT 


% % pH 
73.3 76.8 6.61 
55.5 87.4 4.45 
49.4 84.5 4.44 
40.1 88.9 é 4.25 
55.7 95.8 3.80 
33.0 73.2 3.62 

5.9 27.5 61.4 3.54 

8.3 29.7 56.2 3.54 
11.9 33.6 61.3 3.45 

6.9 24.6 65.8 3.49 

7.5 38.8 66.8 100 3.45 





DryY WEIGHT REACTION 




















Above this concentration the growth of roots falls rapidly. The various con- 
centrations of calcium oxide do not materially affect the relative growth of 
tops and total dry weight. The lowest concentration is not appreciably dif- 
ferent in affecting growth promotion from that of the highest concentration. 

MIXTURES OF ALUMINUM TARTRATE AND CALCIUM HYDROXIDE.—When the 
aluminum salt and the calcium base are mixed in various proportions the 


growth stimulation properties are changed. The marked relative growth is 
indicative when the proportions of 0.006 M are 30 per cent. of the aluminum 
salt and 70 per cent. of the base. The pH of the solution promoting maximum 


TABLE X 


GROWTH OF SOY BEAN SEEDLINGS IN SOLUTIONS OF ALUMINUM TARTRATE 








PERCENTAGE 0.006 M 


Roots Tors DRY WEIGHT scaarem camenaee 


REACTION 





% | % % pH 
6.61 
21.4 4.75 
| 4.44 
9.8 | 4.25 
4.5 ; | 3.80 
6.6 | 3.62 
0.4 3.54 
0.5 é 3.54 
as | 3.45 
0.5 | g 3.45 
4.8 3.45 
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A,B: Elongation of roots and tops of soy beans grown in simple and mixed solu- 
tions of aluminum tartrate and calcium hydroxide. Ordinates represent percentages of 
elongation for standard solution; abscissas represent percentage molecular proportions 
of 0.006 M. 
C: Dry weight of soy beans grown in simple solutions and mixture of aluminum 
tartrate and calcium hydroxide. 
D: Elongation of roots of soy beans grown in simple salt solution and mixtures 
of aluminum citrate and calcium nitrate. 
HE: Elongation of tops of soy beans grown in single salt solutions and in mixtures 
of aluminum tartrate and calcium nitrate. 
F: Dry weight of soy beans grown in single salt solutions and mixtures of 
aluminum tartrate and calcium nitrate. Ordinates represent percentages of elongation 
and total dry weight; abscissas represent percentage molecular proportions of 0.006 M. 
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TABLE XI 


GROWTH OF SOY BEAN SEEDLINGS IN SOLUTIONS OF CALCIUM HYDROXIDE 








PERCENTAGE 0.006 M 


REACTION 
CALCIUM HYDROXIDE e 


Roots Tors | DRY WEIGHT 





aS) 


pH 





59.7 73.3 76.8 
78.7 55.5 | 73.0 
50.6 53.2 67.6 

1112 | 83.0 | 77.3 

120.0 76.9 | 74.6 
44.2 66.8 | 84.3 9.7 
38.3 59.1 67.5 9.7 
27.6 | 70.1 88.7 85 9.8 
35.1 66.4 | 76.8 95 9.8 
24.2 53.5 64.6 98 A 
36.5 64.7 | 82.5 100 A 


| 
growth in single calcium hydroxide solutions was slightly above 9 (table XI). 
The pH of the mixture solution yielding best relative growth was about 6.5 
(table XII). The beneficial effects of the mixture were in part due to calcium 
ion with an accompanying optimum pH for this particular concentration. 
The abrupt drop in growth curve suggests neutralization. It might be added 
that calcium hydroxide and aluminum salts are the only mixtures used that 
yield results in which the stimulation to growth in some instances is higher 
than that of the controls. The writer has not a positive explanation as of be- 
havior. The comparison is made with mixtures of aluminum salt and cal- 
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TABLE XII 
GROWTH OF SOY BEAN SEEDLINGS IN SOLUTIONS OF ALUMINUM 
TARTRATE + CALCIUM HYDROXIDE 











| 
DRY WEIGHT 
zz | % 
| 100 
98 
95 
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70 
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TABLE XIII 
GROWTH OF SOY BEAN SEEDLINGS IN SOLUTIONS OF CALCIUM NITRATE 











PERCENTAGE 0.006 M 


TOPs DRY WEIGHT 
. CALCIUM NITRATE 


REACTION 





% | % ) pH 
76.8 
94.8 92.8 
92.5 91.0 
93.4 
89.0 
92.7 
88.3 
97.0 
95.9 
92.9 
76.0 | 100 
cium nitrate, and mixtures of aluminum salt and potassium hydroxide. 
This would suggest that an expression of pH is more significant when 
stated in relationship to other elements than as an entity itself. 

MIXTURES OF ALUMINUM CITRATE AND CALCIUM NITRATE.—The toxicity of 
calcium nitrate toward soy bean seedlings is only slight, approximately like 
that of the same salt toward corn (table XIII). 

Mixtures of calcium nitrate and aluminum citrate are more indicative 
of an approximate mean of the toxicity of calcium nitrate and aluminum 
citrate each used singly. Another trial of a series of concentrations with 


TABLE XIV 
GROWTH OF SOY BEAN SEEDLINGS IN SOLUTIONS OF ALUMINUM 
CITRATE + CALCIUM NITRATE 
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TABLE XV 


GROWTH OF BUCKWHEAT SEEDLINGS IN SOLUTIONS OF ALUMINUM TARTRATE 








Y WEIGHT sssiaiiaie 
" ALUMINUM TARTRATE REACTIO 


% % % pH 
5.7 13.5 29.7 6.61 
9.0 13.5 25.1 ‘ | 4.75 
3.7 11.3 29.9 | 4.44 
3.1 10.1 33.7 ; 4.25 

15.1 15.2 56.3 | 3.80 

13.4 12.0 | 61.3 3.62 

14.8 14.3 53.7 3.54 

12.1 10.4 52.3 3.54 

14.3 10.7 31.6 3.45 
5.3 9.4 39.4 | 3.49 

11.5 8.1 20.0 | 3.45 




















aluminum citrate used, singly would have lent itself to a fuller explanation 
of this action. The two growth curves, however, that of calcium nitrate and 
that of aluminum citrate and calcium nitrate, are not greatly different from 
those when corn was used; it thus seems a reasonable conclusion that the 
growth curve of the single aluminum salt would not be greatly different 
from that for corn (table XIV). 

The calcium ion effect on total dry weight suggests a definite detoxifying 
effect. As in corn, this is more pronounced for relative total dry weight 
and relative length of top than for roots (fig. 3D, E, F). 


TABLE XVI 
GROWTH OF BUCKWHEAT SEEDLINGS IN SOLUTIONS OF ALUMINUM 
TARTRATE + CALCIUM HYDROXIDE 





PERCENTAGE 0.006 M 


PERCENTAGE 0.006 M 
ALUMINUM TARTRATE | CALCIUM HYDROXIDE 
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MIXTURES OF ALUMINUM TARTRATE AND POTASSIUM HYDROXIDE.—To deter- 
mine the effect of the different hydrogen ion concentrations, bean plants 
were grown in mixtures of the two compounds aluminum tartrate and 
potassium hydroxide. As with corn, there seemed to be a rather definite 
point for favorable growth promotion. The potassium ion here as before 
did not seem to overcome the toxicity to any great extent; but at one con- 
centration, 30 per cent. aluminum tartrate, 0.006 M, and 70 per cent. potas- 
sium hydroxide, 0.006 M, there was a fair medium for growth promotion. 
It is the writer’s opinion that it is more of an index of' favorable hydrogen 
ion concentration, than a favorable mixture of the other, cations, aluminum 
and potassium. The pH for the best growth in this trial was between 8 and 
9 (table VIII). This was approximately the same as for corn in the alumi- 
num citrate and potassium hydroxide mixture. 


TABLE XVII 


GROWTH OF BUCKWHEAT SEEDLINGS IN SOLUTIONS OF ALUMINUM 
TARTRATE + POTASSIUM HYDROXIDE 





Pencewsecn 0.006 0 PERCENTAGE 0.006 M 


DRY WEIGHT POTASSIUM REACTION 
ALUMINUM T 
ALUMINUM TARTRATE renin 








% % % 
1.6 9.2 24.9 
2.8 9.4 28.4 
3.1 10.3 26.7 95 9.2 

16.4 | 138.8 31.2 5 9.0 
87.6 | 78.7 71.5 0 9.0 
13.7 37.2 44.4 7.66 
4.3 13.7 24.6 5.30 
4.0 10.1 23.5 4.15 
3.1 6.5 12.0 9: 3.84 
3.5 6.5 10.7 | 3.56 
217 8.1 20.0 | 3.45 
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It is worthy of note that the seemingly optimum pH of solutions for the 
seedling stage is not like that of most soils for yielding crops. The optima 
are higher for solutions. For permanent growth in soils at high pH much 
of the common vegetation of a humid region would not thrive so well as at a 
lower pH. This may be due to precipitation and complete isolation of some 
required element of the field, or it may be possible that the hydroxy] ion only 
slowly permeates the protoplasm of the seed and does not disturb the equi- 
librium during the short time the seedling gets its nutrients from the seed. 

COMPARISON OF TOXICITY OF ALUMINUM TARTRATE AND TARTARIC ACID.— 
Water solutions were made acid with tartaric acid, comparable to the acidity 
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of the corresponding aluminum salt, aluminum tartrate, at different con- 
centrations and soy bean seedlings were grown in the solution. This was a 
similar procedure to that adopted for corn. The results are as with corn in 
citric acid. The aluminum salt solutions with hydrogen ion concentrations 
the same as those of the corresponding acid caused lower relative growth 
rates than did the acid. This was the case for roots, tops, and total dry 
weight (fig. 2 D and tables [IX and X). 


BucKWHEAT 


Corn and soy beans bore considerable resemblance in their reaction to 
aluminum salts. Buckwheat in certain respects demonstrates a different 
behavior. This plant in the seedling stage is seemingly more sensitive to 
distilled water-low osmotic pressures. This was indicated by the results of 
several trials, each trial including 50 seedlings. Also for single salt cul- 
tures of aluminum tartrate there is little difference between the comparative 
lengths of tops and roots (table XV). The plant seems to be more sensitive 
to low concentrations than it is to moderate concentrations of aluminum tar- 
trate. At 0.0018—0.003 M the relative growth is better for roots, tops, and 
total dry weight than it is at lower and higher concentrations of the same 
salt. In other experiments the relative root length was the most pronounced 
with respect to retardation of relative growth. In the case of buckwheat 
the relative top length is almost equally affected. The total dry weight is 
higher, suggesting low water content or thickening and branching of stems 
and roots. 

MIXTURES OF ALUMINUM TARTRATE AND CALCIUM HYDROXIDE.—Relative 
growth of buckwheat is promoted by the higher concentrations of lime rather 
than by the lower concentrations. The root system is most markedly af- 
fected by high proportions of calcium hydroxide (approximately 95 per 
cent. 0.006 M calcium oxide and 5 per cent. 0.006 M aluminum tartrate). 
This effect diminishes rapidly, with lower lime nutrients, until at the point 
at which the proportions are 50 per cent. of 0.006 M lime and 50 per cent. 
of 0.006 M aluminum tartrate the results are almost the same with respect 
to relative growth as if no lime were added at all (table XVI). The same 
behavior applies, only to a more limited degree, to the case of relative length 
of tops. With respect to total dry weight the mixture finally indicates over 
a range a condition of apparent additive effect with respect to toxicity, the 
mixture promoting a smaller relative growth than the single toxic salt (fig. 
4A, B,C). 

MIXTURES OF ALUMINUM TARTRATE AND POTASSIUM HYDROXIDE.—When 
potassium hydroxide is mixed with aluminum citrate in different propor- 
tions the growth is retarded markedly except in one proportion. This pro- 
portion is approximately 30 per cent. of 0.006 M aluminum tartrate and 70 
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A: Elongation of roots of buckwheat seedlings grown in single salt solutions of 
aluminum tartrate, and in mixed solution of aluminum tartrate and calcium hydroxide. 

B: Elongation of tops of buckwheat seedlings grown in single salt solutions of 
aluminum tartrate, and in mixed solution of aluminum tartrate and calcium hydroxide. 

C: Total dry weight of buckwheat seedlings grown in single salt solutions of 
aluminum tartrate and in mixed solutions of aluminum tartrate and calcium hydroxide. 

D: Elongation of roots and tops in addition to total dry weight of buckwheat seed- 
lings grown in mixtures of aluminum tartrate and potassium hydroxide. Ordinates rep- 
resent percentages of elongation and total dry weight; abscissas represent percentage 
molecular proportions of 0.006 M. 
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per cent. 0.006 M potassium hydroxide. In all others the growth falls off 
markedly. For seedlings growing in water solutions this probably indicates 
anoptimum pH. The potassium evidently does not have much effect in alle- 
viating the toxicity of aluminum, and at the higher pH the condition is too 
alkaline for the plants to thrive. The optimum pH is almost 9 (table XVII). 
This optimum does not nearly approach the optimum for mixtures of the 
aluminum salt and lime with respect to the degree of relative growth (fig. 
4D). Mixtures of lime and aluminum salts for all plants investigated have 
wide and high limits of growth, while potassium mixtures at nearly the same 
pH have narrower and lower limits of relative growth. 


Summary 


1. Organic aluminum compounds exert a distinet toxic effect on the 
plants of corn, soy beans, and buckwheat. The toxicity increases with 
increased concentration. 

2. The toxicity for the three plants could be most effectively overcome 
by calcium hydroxide. Calcium nitrate could be used as an antagonist of 
aluminum, but not as effectively as the calcium base. 

3. Potassium hydroxide was less effective in counteracting the toxicity 
of aluminum than was calcium hydroxide. It apparently served to neu- 
tralize the acidity of the aluminum salt. 

4. The favorable hydrogen ion concentration is not the same for all solu- 
tions. The optimum pH varies with the components and their proportions 
present in the solution. 

5. Comparing the hydrogen ion concentration of the organic acids with 
similar hydrogen ion concentrations of the corresponding aluminum salts of 
these acids, it is shown that at appreciable concentrations the aluminum 
salt suppresses growth to a markedly greater extent than does the acid. 
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LINKAGE BETWEEN OUTPUT OF ELECTRIC ENERGY BY 
POLAR TISSUES AND CELL OXIDATION 


H. F. ROSENE AND E. J. LUND 
(WITH SIX FIGURES) 


Introduction 


Evidence is presented in this report which it is believed establishes the 
following facts: (@) A quantitative relation exists between cell oxidation 
and the continuously maintained E.M.F.’s in the root of the onion, Allium 
cepa. (b) Equal change in oxygen concentration around different regions 
of the root tip produces an unequal change in E.M.F.; in this way the char- 
acteristic distribution of E.M.F.’s per unit length of root and therefore the 
pattern of the correlation currents in the root are modified in a character- 
istic manner by change in oxygen tension. (c) The velocity of oxygen con- 
sumption per unit volume of tissue is greatest in the region of active cell 
division, and the velocity of oxidation in this region is also changed to a 
greater degree by the same change in oxygen tension than in other regions 
of the root tip. This fact, which appears to have an important bearing 
upon the nature of bioelectric currents, was previously discovered in the 
Obelia stem (17). The experiments supply the connecting link in the evi- 
dence for the validity of the theory that the continuously maintained E.M.F. 
in a polar cell is that of a redox system maintained in state of flux equi- 
librium as defined elsewhere by one of us (17). 

There is a correspondence of morphological, functional, and electrical 
polarity along the root axis of A. cepa. In the unstimulated uninjured con- 
dition, the region of active cell division is invariably electropositive in the 
external circuit to more basal regions; and the distribution of potentials is 
in general characteristic but in detail specific for each root. For illustra- 
tions of the exact distribution of these potentials the reader is referred to 
the curves in the paper by Lunp and Kenyon (13). Under constant ex- 
ternal conditions, spontaneous fluctuations in electric polarity oceur and 
the distribution of E.M.F. per unit length varies from time to time (20). 
The first evidence that cell respiration and electric potentials on the root 
are linked phenomena was furnished by Lunp and Kenyon (13). They 
found that the greatest reduction of methylene blue per unit length occurs 
in the region of high positive potential, where active cell division takes 
place, and the same region also produces more CO, per unit length. A 
corresponding distribution of the concentration of sulphydryl groups per 
unit length has been demonstrated ; the region of active cell division exhibits 


the most intense color when the nitroprusside test is applied (17). 
27 
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The present investigation was limited to experiments on not more than 
7 mm. of the distal end of the root and for the most part to 6 mm. or less. 
This region of 6 + mm. will be designated the ‘‘root-apex’’ to facilitate 
presentation. The occurrence of progressive cellular and tissue differentia- 
tion from primordial meristematic cells to permanent tissue is a salient 
feature of the polar structure of the root-apex. In roots 40 to 65 mm. in 
length, the root cap is not over 0.35 mm.; the region of active cell division, 
1 to 1.5 mm.; and the zone of cell enlargement and cell maturation, 1 to 
2mm. Permanent tissues are present in the fifth and sixth millimeters. 
In recent detailed experiments performed in this laboratory by A. H. 
HANSZEN, it has been observed that the greatest amount of elongation takes 
place within the third millimeter. Although the transitional stages are not 
definitely delimited, the cells in the distal third (2 + mm.) of the root- 
apex are relatively young, those in the middle third (2 + mm.) are ap- 
proaching maturity, and those in the proximal third (2 + mm.) are rela- 
tively old. In this paper attention will be focused upon the electrical be- 
havior of these three regions in relation to concentration of oxygen. 


Methods 


Since the material used in the experiments involved only a total of 6 or 
7 mm. of the root tip, and since the conditions for the experiment often de- 
manded that oxygen or other gases be accurately applied to a root region 
1 mm. in length, without mechanical stimulation and any apparent change 
in humidity or temperature, a new apparatus and technique was developed. 
This has shown itself to be an appreciable improvement over other proce- 
dures. The apparatus is susceptible of modification for particular pur- 
poses and has been found so satisfactory that a detailed description seems 
justified. Recent adaptations of the apparatus permit very precise proce- 
dures of manipulation and measurements on certain single cells under ideal 
conditions. 

The electrode chamber is illustrated in figure 1. A removable glass 
cover (ZH) fits closely to a rubber cushion (P), which is cemented to a block 
of bakelite (C’) that serves as the floor of the chamber. The base (C) has 
four large and four small perforations through which connections penetrate 
to the outside. A rod (Ff) which passes through one of the large perfora- 
tions in the rear is attached to a short piece of glass tubing that insulates 
and serves as a support for the adjustable swivel attachment (K). The 
onion bulb is held and protected by a paraffined cork ring which fits a hole 
in this attachment. The other opening (@) in the rear of the base fur- 
nishes means by which additional apparatus (fig. 2, B) may be inserted 
and connected to the outside for manipulation. Capillary tubes (7 and 
T’), attached to electrode cups (D and D’), pass through the large open- 
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ings in front. The four large perforations are lined by rubber finger-stalls 
(N)which keep the chamber airtight and through which the movable con- 
nections penetrate. Leads from isoelectric zinc-amalgam zine-sulphate elec- 
trodes (# and E’) pass through insulated glass tubes in two of the small 
perforations in the base, and glass tubes (I and 0) which line the other two 
provide for the inlet and outlet of gases from external sources. During each 
experiment the chamber is lined with wet filter paper and a film of water 
is maintained at its base. The atmosphere of the chamber can be brought 
to a necessary complete water saturation and can be completely isolated 
from the exterior. 











Fig. 1. Electrode chamber (description in text). 


The connections outside of the electrode chamber are illustrated in figure 
2, A. The bakelite base is firmly attached to a rack and pinion stand (T). 
Three micromanipulators (A, B, C), each of which has a three-way move- 
ment, provide adjustable support for the root holder (K) and the two 
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electrode cups (D and D’, fig. 1). These electrode cups are filled respec- 
tively from the connecting reservoirs (R, and R,) through corresponding 
three-way stopeocks (S, and S,) which are also connected to tubes for drain- 
ing and washing the cups. Gases may be introduced into the electrode 
chamber by connecting the inlet tube (J) to the appropriate stopcock (S,). 
They may be stored in the reservoirs (£, and E,) of about 75 ec. capacity 
which are connected to the mercury leveling cups (G, and G.,) and passed 
into the electrode chamber by adjusting the height of the cups, each of 
which is supported by a rack and pinion stand not illustrated in figure 2; 
or by appropriate manipulation of the connecting three-way stopeocks they 
may be admitted directly into the electrode chamber without being stored 
in the reservoirs. 

Gases are applied to or withheld from a specific region by means of a 
hollow glass jacket (fig. 2, B). The body of the jacket (V) consists of a 
short piece of glass tubing 4 mm. in length. Small glass coverslips (0) are 
cemented to the top and bottom and small holes (J) in each just permit 
passage of the root (R) without its touching the sides of the holes. Glass 
capillary tubes (P) sealed to two holes in the side of the jacket provide for 
the inlet and outlet of the gases and are attached to a glass rod (W) which 
serves aS a support. The jacket is inserted into the electrode chamber 
through an opening (JM, fig. 1) in the base and it is manipulated by an ad- 
ditional three-way micromanipulator not illustrated. By means of this 
micromanipulator and a horizontal microscope the jacket can be accurately 
adjusted to any position without stimulating or injuring the root. With 
the jacket in place around the root (R), the openings (J) at the top and 
bottom are sealed with a small drop of water or paraffin oil. In this way 
the segment of the root inclosed by the jacket is completely isolated from 
the atmosphere in the electrode chamber and gases can be introduced into 
and removed from the jacket under complete control by connecting the inlet 
tube of the jacket directly to the proper stopcock (S, in fig. 2, A). With 
the jacket in place, the root can be exposed to a gas by either of two 
methods: (1) introducing the gas directly into the jacket around a par- 
ticular segment of the root and not into the electrode chamber; or (2) pass- 
ing the gas into the electrode chamber and not into the jacket, which in that 
ease is filled with moist air. 

Electrode contacts are made by the small glass claw projections (K in 
fig. 2, B) of the electrode cups which are filled with the medium in which 
the roots grow. The adjustments of the positions of the contacts, which 
ean be accurately controlled by the micromanipulators, are made under a 
horizontal microscope which is fitted with an ocular micrometer for mea- 
surements. From the preceding description it is obvious that the apparatus 
permits complete and accurate control of all manipulations and environ- 
mental conditions of the root. 





ROSENE AND LUND: ELECTRIC ENERGY AND CELL OXIDATION 31 


All experiments were carried out at room temperature which did not 
vary more than 0.5° C. throughout any one experiment. The onions were 
grown in tap water and used when the roots were 40 to 50 mm. in length. 
A different root was used in each experiment. All roots but one were re- 
moved from the bulb, care being taken not to stimulate this root when it 
was placed in position in the electrode chamber. Potentials were measured 
with a Compton electrometer. In general, the same procedure was followed 
in each experiment. When adjustments of the positions of the jacket and 
the contacts on the root had been made, the preparation was left undis- 
turbed for a short period. Observations were then made of the electric be- 
havior of the root during an initial period of exposure to the vapor-satu- 











Fig. 2. Apparatus (description in text). 


rated atmosphere of the electrode chamber. These readings were con- 
tinued during the following two successive periods, when (a) hydrogen was 
passed through the electrode chamber or the jacket, and (b) oxygen was 
passed through in a similar manner. Before entering the chamber or the 
jacket, the hydrogen and oxygen were saturated by passage through dis- 
tilled water. A uniform and controlled rate of flow of each gas was main- 
tained in all the experiments by suitable pressure gauges attached to the 
gas tanks. The flow of gas, as such, did not produce any visible effect on 
the root and did not appear to affect the E.M.F. The root tissue was in no 
way injured by the experimental procedure and normal growth continued 
when the roots were replaced in tap water. 
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Effect on E.M.F. of the root-apex produced by change in oxygen con- 
centration at different regions between electrode contacts 


1. CHANGE IN E.M.F. WHEN THE APICAL END (1.5 MM.) IS EXPOSED TO 
(A) HYDROGEN AND (B) OXYGEN.—Figure 3, A shows the position of the 
jacket and electrode contacts in a series of three duplicate experiments 
on roots of three different bulbs (curves 1, 2,3). The basal grounded elec- 
trode contact (—) was made at the upper aperture of the jacket and the 
jacket was filled with moist air.1 The E.M.F. of the region between the 
electrodes was allowed to come to a constant value in air during a 10-min- 
ute period as shown in curves 1, 2, and 3, figure 3, A. Hydrogen gas 
saturated with water vapor was then applied to all of the root and bulb 
(except that segment inclosed by the jacket) through the connecting tubes 
(I and O, fig. 1). Since the results of all the experiments were remarkably 
similar, even in detail, only three curves (1, 2, 3, fig. 3, A) are presented. 
Each curve shows that the removal of oxygen by hydrogen around the apical 
1.5 mm. of the root rapidly diminished the electric polarity of the root in- 
cluded between the electrodes. Curves 2 and 3 show a complete reversal of 
polarity. The initial large drop in potential was followed by a smaller rise, 
the magnitude and duration of which was specific for each root. At the end 
of the period in hydrogen the E.M.F. was lower than at any time when in 
air. Deprived of available oxygen by the exposure to hydrogen, the 
apical end of the root-apex did not maintain its characteristic high positive 
potential and consequently the electric polarity was considerably reduced in 
magnitude. 

Replacement of hydrogen by oxygen saturated with water vapor pro- 
duced an abrupt rapid increase of the E.M.F. of such great magnitude 
that the potential difference not only reached but very often exceeded its 
former value in air, exhibiting the typical rebound curve observed in experi- 
ments on frog skin and Douglas fir (15,18). Curves 1 and 3, figure 3, A,. 
illustrate the fact that the E.M.F. was often maintained at a new high 
level in oxygen. The effect of removal of oxygen was promptly and 
completely reversible. 

The curves show that a definite quantitative relationship exists between 
cell oxidations at the apical end of the root-apex and the magnitude and 
orientation of electric polarity. 

2. CHANGE IN E.M.F.. WHEN THE BASAL END (1.5 MM.) IS EXPOSED TO (A) 
HYDROGEN AND (B) OXYGEN.—The experimental arrangement is illus- 
trated in figure 3, B. Four mm. of the root-apex were inclosed by the air- 


1 When both apical and basal contacts were made at the water menisci in the aper- 
tures of the air-filled jacket under the same experimental conditions, little or no change 
in E.M.F. was produced when the part of the root outside of the jacket was subjected 
to change in oxygen concentration. 
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Fic. 3. Effect of change in oxygen concentration at apical and basal ends of 
root-apex. 

A: Effect of (a) hydrogen, and (b) oxygen at apical end only, on total E.M.F. of 
root-apex. Curves 1, 2, and 3 obtained from three duplicate experiments on three differ- 
ent roots. Diagram A shows positions of electrode contacts and gas jacket on root-apex. 

B: Effect of (a) hydrogen, and (b) oxygen at basal end only on total E.M.F. of 
root-apex. Curves 4, 5, 6, and 7 obtained from four duplicate experiments on four dif- 
ferent roots. Diagram B shows positions of electrode contacts and gas jacket on root- 
apex, 

C: Simultaneous effect of (a) hydrogen, and (b) oxygen at both apical and basal 
ends of the same root-apex on total E.M.F. Curves 8, 9, and 10 obtained from three 
duplicate experiments on three different roots. Diagram C shows position of electrode 
contacts and gas jacket on root-apex. 
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filled jacket and 1.5 mm. at the proximal (basal) end were exposed to 
change in oxygen concentration. Curves 4, 5, 6, and 7, figure 3, represent 
typical results and should be compared with curves 1, 2, and 3 of figure 3, A 
obtained under similar experimental conditions. The only essential differ- 
ence is that in the two sets of experiments different ends of the root-apex 
were exposed to the change in oxygen concentration. A comparison of the 
two sets of curves reveals an unequal effect of equal change in oxygen con- 
centration at apical and basal ends. Passing hydrogen through the elec- 
trode chamber when the basal end was exposed did not produce the marked 
depression of electric polarity which occurred when the apical end was 
similarly exposed. The electric polarity of the root-apex was never ob- 
served to become inverted by an oxygen deficit at the basal end only. Ad- 
mission of oxygen to the chamber produced a relatively small rebound effect. 
The relatively small magnitude of this rebound effect in the basal region is 
eomparable to the correspondingly small rebound effects observed in basal 
regions in the Douglas fir, when the electric polarity is changed by change 
in temperature (18,19). It should be observed that curves 1, 2, and 3 are 
quite uniform in appearance. This statement does not apply in the same 
degree to curves 4, 5, 6, and 7. 

If the apical and basal ends of the same root were simultaneously ex- 
posed to (a) hydrogen and then (b) oxygen under the same conditions 
which obtain in the above sets of experiments, the observed unequal effect 
of equal change in oxygen concentration on apical and basal ends of dif- 
ferent roots should appear. Since it has just been shown that the effect 
on the apical end was noticeably uniform in character and much greater 
in magnitude than the effect on the basal end, it would be logical to antici- 
pate results which would give curves similar to curves 1, 2, and 3, figure 3. 
A small inerease in potential difference in hydrogen as shown in curves 5 
and 6 and a small decrease in potential in oxygen as illustrated by curve 7 
would definitely modify the characteristic form of such curves as 1, 2, and 
3 because the principle of summation of cell E.M.F.’s applies in each mea- 
surement. When this procedure was followed the expected results were 
fully realized, as shown in curves 8, 9, and 10 of figure 3, C and what 
follows. 

3. CHANGE IN E.M.F. WHEN THE APICAL AND BASAL ENDS OF SAME ROOT- 
APEX ARE SIMULTANEOUSLY EXPOSED TO (4) HYDROGEN AND (B) OXYGEN.— 
Four mm. of the root tip were inclosed by the moist air jacket and 1.5 
mm. on either side exposed as shown in the diagram (fig. 3, C). Similar 
curves were obtained in all the experiments, each of which was obtained 
from a different root. Only three curves are given, curves 8, 9, and 10, 
figure 3. They convincingly show the unequal effect on the E.M.F. by 
equal change in oxygen concentration at apical and at basal ends of the 
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same root-apex. There is a pronounced similarity between curves 8, 9, and 
10, and curves 1, 2, and 3 (fig. 3). Evidently in both sets of experiments 
the general character of the curves can be attributed to the greater change 
which took place in the highly electropositive apical end. A temporary 
complete reversal of polarity is exhibited by curve 10. The conspicuous re- 
bound phenomena observed in oxygen in the first set of experiments reap- 
peared. Its modification in curve 10 may be due to a flattening effect pro- 
duced by a change in an oppositely oriented E.M.F. in the basal end as 
exhibited by the dip in curve 7, figure 3. In this connection it is of special 
theoretical interest to note the uniform appearance of (a) the relatively 
large depression of E.M.F. in hydrogen and (b) the conspicuous rebound 
phenomena in oxygen, whenever the apical end was exposed. 

4. CHANGE IN E.M.F. WHEN AN INTERMEDIATE REGION BETWEEN APICAL 
AND BASAL ENDS IS EXPOSED TO CHANGE IN CONCENTRATION OF OXYGEN.—The 
position of the jacket as shown in figure 4, D is similar to that illustrated 
in figure 3, C, except that connections were made from the hydrogen and 
oxygen reservoirs (HZ, and £.,, fig. 2) to the glass jacket around the root. 
By careful vertical movement of the rack and pinion stand which supported 
the mercury in the leveling cups (G, and G., fig. 2), a constant flow of gas 
through the jacket was maintained at such a rate that the mechanical con- 
ditions of gas flow as such produced no effect on the E.M.F. The lengths 
of the apical and basal segments, which were outside of the jacket, were not 
equal in all the experiments; they varied from 0.8 to 1.8 mm. 

Since a quantitative relationship between changes in oxygen concentra- 
tion at the apical and basal ends and the E.M.F. of the root-apex was dem- 
onstrated above, and since it has been shown by Marsu (20) that the prin- 
ciple of summation of cell E.M.F.’s applies to the first 30 mm. of the root 
tip, it is reasonable to expect a change in E.M.F. with change in oxygen con- 
centration around the intervening zone (fig. 4, D) under conditions corre- 
sponding to those which prevailed in the preceding sets of experiments. 
Furthermore, it is to be expected that the magnitude and direction of effect 
will depend not only upon the length of the intermediate exposed zone, but 
also upon its distance from the distal and proximal limits of the root-apex. 
For example, if the segments X and Y outside the jacket in figure 4, D are 
relatively short (7.e., 0.5-1 mm.), the magnitude of the effect would be rela- 
tively greater than if a longer region at each end were isolated, because some 
of the apical tissue would be in the intervening zone inclosed by the jacket, 
and it has already been found that greater effects are produced in the apical 
cells. 

Curves 1, 2, and 3, figure 4, are representative of the results from 
eighteen experiments on different roots. The corresponding lengths of X 
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and Y, which were equal for each root, were respectively 1.8, 0.8, and 1.3 mm. 

Curve 1 shows that the potential difference was steadily drifting to an in- 

crease in E.M.F. during the period in air, but in hydrogen this drift was 
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Fic. 4. D: Effect of application of (a) hydrogen, and (b) oxygen at an inter- 
mediate region of root-apex on total E.M.F. Curves 1, 2, and 3 obtained from three 
similar experiments on three different roots. Positions of electrode contacts and gas 
jacket shown by diagram D. X and Y are segments of the root exposed to air. 

E: Effect of (a) hydrogen, and (b) oxygen applied simultaneously at all regions 
of root-apex on total E.M.F. Positions of electrode contacts shown by diagram E. 
Results shown by curve 4. The breaks (a, b, and c) in curve 4 are the intervals during 
which the curve of distribution of E.M.F. per unit length of root was determined in 
(a) air, (b) hydrogen, and (c) oxygen respectively. 


opposed in some way and the curve flattened. The drift again manifested 
itself in oxygen. Curve 2 shows the greatest change. An inverted polarity 
appeared temporarily in hydrogen and a steady recovery in oxygen. The 
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relatively greater effects shown in curve 2 are undoubtedly associated with 
the exposure of a greater portion of the sensitive apical end to change in 
oxygen concentration. To some extent there is a general similarity of 
curves 1, 2, and 3, figure 4, to curves 4 and 7, figure 3; but the uniformity 
of effect on total E.M.F., which is expressed by the relatively large decrease 
in potential difference in hydrogen and the relatively large increase in oxy- 
gen (with its accompanying rebound phenomenon as represented by curves 
1, 2, and 3, and curves 8, 9, and 10, in figure 3), is absent. The explana- 
tion of the apparently small effect of change in oxygen tension in this set 
of experiments will be evident from what follows. 


Unequal effect on E.M.F. of root-apex produced by simultaneous equal 
change in oxygen concentration at all regions of root-apex 


An inspection of the curves in figures 2 and 3 in LunpD and KEnyon’s 
paper (13) and in figures 3, 4, and 7 of MarsnH’s paper (20), which repre- 
sent the distribution of E.M.F. over longer regions than the root-apex itself, 
shows that the occurrence of a single umdirectional gradient of E.M.F. is 
the rule in the length of 6 + mm. designated in this paper as the root-apex. 
Many similar determinations of the distribution of potential over the root 
made by the present writers confirm this conclusion. 

The magnitude and form of the curve representing the single gradient 
in the root-apex are specific for each root. Six such gradients of potential 
differences in six different roots are illustrated by curves la, 2a, 3a, 4a, 5a, 
and 6a in figure 5. The gradients were determined in the usual manner by 
moving the electrode contact at the apex by increments of 1 mm. toward the 
basal contact. In the roots corresponding to curves 4a, 5a, 6a, the basal 
electrode contact was fixed at a position 6 mm. from the tip; in the roots 
corresponding to 2a and 3a it was fixed at 5 mm.; and to la, at 4 mm. from 
the tip. Individual variations in the single gradient characteristic of the 
root-apex are apparent. Curve 5a shows that a point 2 mm. from the tip is 
electronegative to relatively more basal points, thus producing a small dip 
in the gradient which indicates the presence of inverted component electric 
polarities. Similar inverted regions appear in some of the other curves. The 
form of the gradient would probably appear in more detail if readings were 
made at intervals of 0.2 mm. instead of 1 mm. The observed gradient of 
potential of the root-apex is a resultant E.M.F. which expresses the alge- 
braic sum of the E.M.F.’s of individual cells. This does not exclude the 
possibility of a complex pattern of cellular E.M.F.’s within the root-apex 
which probably involves series and parallel arrangements of the cells. 

The uniformity of results observed whenever the apical end was exposed 
to changes in oxygen concentration, and the variability of the curves ob- 
tained when either the basal end or the intervening region alone was simi- 
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larly exposed, are related to detailed variations of the distribution of E.M.F. 
per unit length of the root. <A sufficiently large diminution of an inverted 
component E.M.F. would appear as an increase in the resultant E.M.F. of 
the gradient. The facts established by the preceding sets of experiments 
lead to the conclusion that if all the regions of the root-apex were simulta- 
neously exposed to equal change in oxygen concentration, unequal change in 
regional E.M.F.’s and in the resultant E.M.F. would appear; and further- 
more, the generalized nature of the composite curve which would result 
under these conditions would be determined by the relatively greater 
changes in apical component E.M.F.’s. Figure 4, E shows the arrange- 
ment in a series of experiments of this nature. 
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Fie. 5. Effect of change in oxygen concentration on magnitude and form of the 
curve of distribution of E.M.F. over the length of root-apex in (a) air, (b) hydrogen, 
and (c) oxygen. The curves were obtained from six experiments on six different 
roots. Curves la, 2a, 3a, 4a, 5a, and 6a, when the electrode chamber (cf. fig. 1) was 
filled with moist air; curves 1b, 2b, 3b, 4b, 5b, and 6b, when hydrogen was passed con- 
tinuously through the electrode chamber; and curves le, 2c, 3c, 4c, 5c, and 6c, when 
oxygen was passed continuously through the electrode chamber. The diagrams of the 
roots below the curves are drawn to scale on the abscissa. Arrows at the apex indicate 
position of positive electrode. The three arrows at the base indicate the exact positions 
of the negative electrode which was stationary at different distances from the tip in the 
different experiments. Corresponding to curves la, 2a, and 3a; and 4a, 5a, and 6a, the 
basal electrode was fixed as shown at 4, 5, and 6 mm. respectively from the tip. 


The distance of the basal electrode contact from the contact at the tip 
was not the same in all the experiments. Hydrogen and oxygen were 
passed through the electrode chamber. The curves for different roots were 
essentially alike. Curve 4, figure 4, is typical. In this experiment the 
electrode contacts were 6 mm. apart. In hydrogen an initial relatively 
large drop of total E.M.F. was followed by a rise and finally a decrease, 
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with the potential difference maintained at a low level. Recovery occurred 
when pure oxygen was substituted for hydrogen and the conspicuous re- 
bound effect appeared (cf. with curves 1, 2, 3, and 8, 9, 10 of figure 3). It 
is evident that equal and simultaneous change in oxygen concentration 
changes the localized E.M.F.’s unequally. This would necessarily modify 
the distribution of E.M.F.’s per unit length which constitute the resultant 
gradient. The gradient of electric polarity would be different in an atmos- 
phere of air, an atmosphere devoid of oxygen, and an atmosphere of pure 
oxygen. This conclusion is tantamount to the statement that the oxygen 
concentration around the root determines to a large degree the character- 
istic magnitudes of E.M.F.’s per unit length. 

In each experiment, when the root-apex exhibited a relatively stable 
potential difference in (a) air, (b) hydrogen, and (c) oxygen, the distri- 
bution of potential difference was determined by the customary method of 
moving the apical electrode. The position of the breaks (a, b, and c) in 
curve 4, figure 4, indicates the intervals during which the gradients shown 
by curves 4a, 4b, and 4¢ in figure 5 were determined. Curves of the gradi- 
ents determined in five similar experiments on five different roots are also 
given in figure 5. Curves 4a, 4b, and 4c show that the gradient was in- 
verted in hydrogen with the apical end electronegative to more basal 
regions, and that it was displaced to a lower level of potentiai difference; 
in oxygen the gradient not only righted itself but also manifested a greater 
total E.M.F. The dip in each of the curves 4a and 4b, which indicates the 
existence of components with inverted polarity, disappeared in curve 4e. 
Gradients corresponding to curves la, 1b, le, and 6a, 6b, 6¢ displayed 
changes practically identical with those exhibited by curves 4a, 4b, and 4c. 
In hydrogen each gradient was inverted, the apical end became electro- 
negative to relatively more basal regions, and the whole gradient shifted 
to a lower value; in oxygen each gradient righted itself and curve 6c shows 
that the corresponding gradient manifested a higher E.M.F. Gradients 
corresponding to curves 2a and 3a were flattened in hydrogen and became 
steeper in oxygen with the apical end more highly positive than at any 
previous period. All the curves in figure 5 obtained by this procedure 
show that the component parts of each gradient were affected unequally by 
equal change in oxygen concentration, and that the component E.M.F.’s 
associated with the tissues in the apical end were displaced to a relatively 
greater degree than were component E.M.F.’s in the other tissues of the 
root-apex. An atmosphere of hydrogen tends to make the ends of the 
gradient more alike; oxygen more unlike. Hydrogen tilts the gradient in 
a direction opposite to that characteristic of the root-apex in air; oxygen 
tilts it back to a steeper form. The form of the gradient at any one instant 
is determined by the concentration of oxygen at that instant. 
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The curves in figure 5 also throw light on the nature of the phenomena 
which determine the character of curve 4, figure 4. The initial drop in 
curve 4 (in hydrogen) is explained by the fact that introduction of hydro- 
gen into the electrode chamber depressed the local polarity potentials in 
the apical region more than the local polarity of other regions. The high 
positive potential of the apical end disappeared and the apical end became 
temporarily electronegative to relatively more basal regions. The rise in 
the curve in hydrogen is due to the depression of inverted constituent 
E.M.F.’s and the relatively slow depression of basal components. Finally 
depression of all the component E.M.F.’s and the relatively greater depres- 
sion of apical components produced a flattened or inverted gradient and 
hence a second drop in the curve in hydrogen as shown. In the absence 
of such definite information as in the foregoing, the initial inverted bayonet- 
like part of the curve which occurs when oxygen is admitted to the chamber 
might be explained by either (a) a sudden increase in positivity at the 
basal end, or (b) a sudden decrease in the apical end. The results indi- 
cate that (a) is probably the correct interpretation. Curve 4 shows that 
the duration of this abrupt change was short. It was followed by a 
greater increase in positivity in the apical regions than in the basal regions, 
replacing the gradient to its previous slope in air and manifesting the 
characteristic rebound. During the rebound the slope assumed its greatest 
value. At the end of the period in oxygen it was less steep but as a rule 
the slope was greater than that exhibited by the gradient of the root in air, 
as the curves in figure 5 show. 

The results from this set of experiments, exposing the whole root-apex 
to change in oxygen concentration, corroborate the conclusions based upon 
the preceding sets of experiments, in which local regions only were exposed 
to change in oxygen tension. The effects on the young tissue at the apical 
end are relatively and absolutely so large in magnitude that they determine 
the character of the resultant polarity potential of the whole. This illus- 
trates what may properly be called an electrical dominance of the apex. 


Absence of significant change in total E.M.F. when oxygen concentration 
is changed in region outside of electrode contacts 


In several of the preceding sets of experiments the hydrogen and 
oxygen were passed directly into the electrode chamber exposing the whole 
root and bulb. A sixth set of experiments was therefore carried out in 
order to determine whether the observed modifications of E.M.F. in hydro- 
gen and oxygen were linked with changes in parts of the root not included 
in the region between the electrode contacts. 

The position of the contacts and jacket is shown in figure 6 (diagrams F 
and G). The gases were passed through the jacket. Curves 1 and 2 in figure 6 
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show the results when the chamber was placed as illustrated in the diagrams 
(F and G). The curves show no significant changes in E.M.F. in hydrogen 
and oxygen; neither did curves obtained when the periods of exposure were 
increased to l-hour intervals. It is evident that the observed changes in 
E.M.F. concurrent with changes in oxygen concentration were due to 
changes in E.M.F. in the cells at and between the electrode contacts, and 
not to changes in neighboring cells. The experiments therefore indicate 
that the local changes in E.M.F.’s produced by change in oxygen tension 
are not transmitted in the ordinary sense of conduction of excitation, within 
the period of the experiments. 
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Fic. 6. Absence of effect of change in oxygen concentration when gas jacket is 
placed outside of electrode circuit. Curve 1 was obtained when gas jacket and electrode 
contacts were in the position on the root shown in diagram F'; curve 2, when gas jacket 
and electrode contacts were in the positions shown in diagram G. 








Discussion 

The preceding evidence, together with previously published facts on the 
respiratory exchange, conclusively establishes the fact of a quantitative 
linkage between electric polarity and respiration in the root-tip. That 
region which manifests the greatest magnitude of change in its regional 
polarity potential is the same region which exhibits the highest positive 
potential, the largest output of carbon dioxide production and oxygen con- 
sumption, the greatest capacity for methylene blue reduction, the highest 
concentration of sulphydryl groups, and the region in which visible struc- 
tural differentiation is ata minimum. These facts furnish a complete chain 
of evidence that morphological, functional, and electrical polarities are 
interrelated phenomena associated with the oxidative metabolism and with 
specific differences in the oxidative mechanisms of young and old tissues. 

The reversible inhibition of polarity potentials in the root-apex pro- 
duced by the absence of oxygen is similar to the reversible inhibition of 
electric polarity in the stem of Obelia and in frog skin produced by cyanide, 
ether, and chloroform (12, 16). In the root-apex and in Obelia the per- 
centage depression of E.M.F. was greater in the apical region than in the 
basal region. Lunp (15) found that the electric polarity of frog skin was 
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changed by equal changes in oxygen tension on the two sides of the skin. 
As in the root apex, an oxygen deficit decreased the potential difference and 
exposure to high oxygen concentration increased the difference. Reversible 
effects were observed in frog skin but the electric polarity was never com- 
pletely inverted as in the root-apex. 

The characteristic rebound in E.M.F. which oceurs when (a) the 
whole ‘‘root-apex’’ or (b) the apical end only is exposed to oxygen after 
a period in its absence, is similar to the rebound effect which has been 
observed in the E.M.F. of frog skin when the oxygen concentration was 
changed from a low to a high value (15), and the E.M.F. of Douglas fir 
when the temperature was restored to its original value after a period of 
exposure to low temperature (18,19). Furthermore, the rebound effect is 
also similar to the increase in velocity of oxidation, observed by a num- 
ber of investigators, when certain tissues and organisms were exposed 
to oxygen after a period in its absence; nerve (6, 5), muscle (5), tomato 
fruits (7), Planaria (11), and luminous bacteria (25, 8). GustTarson (7) 
also found that, in a given tomato fruit, the magnitude and continuance of 
inereased velocity of oxidation when air was reintroduced into the chamber 
were dependent upon the length of the period of exposure to pure hydrogen 
or pure nitrogen. Although he makes no mention of it, his data show that 
the greatest increase in velocity of oxidation is associated with the younger 
green fruits as compared with the increase in respiratory activity of older 
pink or red-ripe fruits. These rebound phenomena in the velocity of oxida- 
tion are obviously to be explained by an accumulation of oxidizable sub- 
stances during the periods in absence of oxygen or in low oxygen tension, 
and their increased rate of removal by oxidation upon readmission of oxy- 
gen. Insuch systems the aed ratios are clearly subject to change by change 
in the concentration of oxygen. The general occurrence of a rebound effect 
in the velocity of cell oxidations and the rebound effect in the E.M.F.’s 
under corresponding conditions of change in oxygen tension leads directly 
to the conclusion that the mechanism which controls the velocity of cell 
oxidation also controls the magnitude of the cellular E.M.F.’s. 

The gradient of the distribution of cellular E.M.F.’s per unit length, 
which is an expression of gradation in the rate of output of electric energy 
quantitatively associated with corresponding differences in velocity of oxi- 
dation and structural differences, is distinctly modified by change in oxygen 
tension. Under the experimental conditions which obtained in this inves- 
tigation its slope was greatest in oxygen, less in air, and almost obliterated 
or inverted in hydrogen. 

Up to the present the only complete and satisfactory explanation of the ex- 
perimental results is furnished by Lunp’s flux equilibrium theory of bioelec- 
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trie currents and cell oxidation which has been fully developed in a recent 
paper (17). The continuously maintained potentials are the expression of re- 
dox states of electromotively active substances in flux equilibrium in polar 
cells. The observed change in & E,? of the root-apex, with equal change in 
[O] at the apical end only, the basal end only, or the intervening region, is due 
to unequal changes in fee ratios in the cells of these regions; and accord- 
ingly the change in & Ep with equal and simultaneous change in [O] at 
all the specific regions of the root-apex is also due to unequal changes in 
the oe ratios of the local regions. The experiments show that the greatest 
change in flux concentrations of electromotively active substances in the 
cells of a specific region takes place in the young, relatively undifferentiated 
tissue of the apical end. The change in & E, with equal change in oxygen 
concentration constitutes the first critical evidence that the velocity of oxida- 
tion in young tissue is actually greater than that in old tissue, and that 
the active mass of oxidizable substance (or system) AH, is greater in 
young tissue. This conclusion is in accordance with recent results (unpub- 
lished), obtained in this laboratory by L. M. HENpErRson, that the percen- 
tage increase of oxygen consumption in apical pieces of the root tip (A. 
cepa) was greater than the percentage increase of basal pieces in the same 
increase in oxygen. It is in agreement with the observations on Obelia by 
Lunp (17) which showed that the increase in velocity of oxidation in 
apical halves of the stem was always proportionately greater than the 
increase in oxidation in basal halves caused by the same increase in oxygen 
concentration, and that there was a higher concentration of sulphydryl 
groups in the apical end. Finally, the conclusion that the effective con- 
centration of oxidizable substance (or system) AH, is proportionately 

2. E, expresses the polarity potential of a polar tissue or organ. It is the algebraic 
sum of the polarity potentials (Z) of the individual cells. 

A simplified form of the electrochemical equation which expresses the polarity 
potential E, of a single cell as given by LUND is: 

} A AH O 
B= aR st ] ne roy 
a 2b a b 

where R is the gas constant; T the absolute temperature; In the natural logarithm; 
F, the Faraday equivalent; and [A],, [A],, [AH,],, [AH,],; [O],, [O],, the concen- 
trations of electromotively active substances. For the polarity potential 2 E, of a polar 
tissue the equation may be expanded to 
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much greater in the apical end is supported by the recent observations 
mentioned above that the concentration of sulphydryl substances is dis- 
tinetly more concentrated in the cells just behind the root cap. The fact 
that, as a rule, after an interval of 20 or 30 minutes in oxygen, the slope 
of the gradient which expresses the SE, per unit length is greater 
than its slope in the initial period in air, shows that part of the surplus of 
oxidizable substances accumulated during the period in hydrogen is still 
available or that an increase in the velocity of the reaction X — AH, 
occurred and more AH, is continuously available. Concomitant with the 
difference in magnitude of rebound in E.M.F. in apical and basal ends 
of the root-apex is the apparent unequal acceleration of the reaction 
AH,+O-—>A+H,0 in apical and basal ends. Both the concentration of 
oxygen and the concentration of AH, are limiting factors which determine 
the magnitude and orientation of electric polarity in the root-apex. The 
conspicuously greater accumulation of electromotively active material in 
the apical end indicates that the mechanism of accumulation of such a large 
surplus of oxidizable substances is a definite characteristic of young tissue. 

Oxidation-reduction potentials are not, of course, the only means by 
which differences of potential are, or may be, established in living cells, 
and the flux equilibrium is not the only type of electrochemical equilibrium 
which may exist in the cell; but it is the only type thus far considered in 
the literature of electrophysiology which can maintain in a direct manner a 
continuous output of electric energy. The theoretical requirements of the 
electrochemical equations which express the relation of the observed main- 
tained E.M.F.’s to the velocity of cell oxidation are given by Lunp (17). 
The facts derived from the present investigation on the root tip, which is a 
polar tissue, specifically satisfy these requirements and therefore furnish 
direct evidence of the validity of the flux equilibrium concept. 

The experimental results appear to be of vital significance for cell 
dynamics and structural differentiation. Very direct evidence for this 
has been found in experiments on the effect of applied electric currents, 
now in progress. The polar tissues of the root are constantly generating 
electric energy, and the flux equilibrium is a state maintained, at least in 
part, by the relations between the intake of oxygen and the concentration 
of available substances for oxidation in the individual cells. The struc- 
tural differentiation of the cells and tissues has associated with it an elec- 
trical differentiation. The facts show that this is primarily a difference 
which depends for its significance upon the intensity factor of cell oxidation 
as expressed by oxidation-reduction potentials at oriented loci. There is 
an orientation of energy output in cells of polar tissues, and the observed 
E.M.F. expresses the algebraic summation of local forces. In low oxygen 
concentration the observed output of electric energy is diminished, in high 
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oxygen concentration it is increased. Continuously maintained oxidation- 
reduction potentials are an expression of metabolic activities associated 
with output of electric energy, and from this it may be concluded that 
oriented electrometabolism is characteristic of polar tissues. 

It is well known that oxygen is necessary for the proper functioning of 
roots. Its absence inhibits growth, modifies cell division, and affects geo- 
tropic curvature.’ It has been shown that the amount of available oxygen 
is also related to the rate of absorption of water and solutes by roots (10, 
23, 24,9). It is highly probable that the energy required for one or more 
of these oriented processes is derived to greater or lesser extent from the 
oriented continuous bioelectric currents in the root. 


Summary 


1. Evidence is presented which shows that the continuously maintained 
E.M.F.’s in the onion root (Allium cepa) are quantitatively linked with 
oxidative metabolism. By means of new apparatus and technique, de- 
scribed in the text, it was possible to measure the effect on the E.M.F. of 
the uninjured intact root when oxygen or other gases were applied to a root 
region of 1 mm. or more in length without mechanical stimulation and 
change in humidity or temperature. The investigation involved experi- 
ments on the distal 6 + mm. of the root, a region designated as the ‘‘root- 
apex’’ for convenience. 

2. Change in oxygen concentration at (a) the apical region (1.5 mm.), 
(b) the basal region (1.5 mm.), and (c) an intermediate region of the root- 
apex, respectively, changes the regional polarity potential of each region 
and correspondingly modifies the total E.M.F. of the root-apex in each case. 

3. Simultaneous equal change in oxygen concentration at all the regions 
of the root-apex has an unequal effect on E.M.F. of the different regions of 
the root-apex. This is due to the fact that the effect in the young, relatively 
undifferentiated tissue of the apical end is relatively and absolutely so large 
in magnitude that it determines the character of the resultant polarity 
potential of the whole. 

4. The effect of change in E.M.F. produced by change in oxygen con- 
centration is reversible. In hydrogen the E.M.F. of a given region is dimin- 
ished ; in oxygen the E.M.F. is increased. 

5. The slope of the gradient which represents the output of electric 
energy per unit length of the root-apex is different in (a) air, (b) hydro- 
gen, and (c) oxygen. The gradient is flattened or may be inverted in 
hydrogen. Its slope is steepest in oxygen. 

3 A review of the literature previous to 1921 is given by CLEMENTS (3). Recent 


contributors are BouyGuEs (1), NAVEz (21), NAvEz and Crozier (22), and ZIMMER- 
MAN (26). 
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6. The observed changes in E.M.F. coneurrent with changes in oxygen 
concentration were produced by changes in E.M.F. between and at the 
electrode contacts and not by changes outside of the electrode circuit. 
These facts constitute additional confirmation of the validity of the prin- 
ciple of algebraic summation of individual cell E.M.F.’s. 

7. The results show that the velocity of oxidation is greatest in the cells 
actively engaged in cell multiplication. 

8. The typical rebound phenomenon which is apparently produced by 
the accumulation of oxidizable substances in the absence of oxygen is 
greatest in the young (apical end) tissue. 

9. The results furnish additional direct evidence for the validity of the 
theory that continuously maintained E.M.F.’s are generated by the redox 
system of the cell. The magnitude of the E.M.F. at any instant depends 
upon the conditions of a flux equilibrium in the process of cell oxidation. 

UNIVERSITY OF TEXAS 

AUSTIN, TEXAS 
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PHYSIOLOGY OF APPLE VARIETIES? 


ALTON H. FINCH 
(WITH SIX FIGURES) 


Introduction 


A better understanding of physiological factors determining the growth 
and fruiting habits of different apple varieties (Malus malus) should sug- 
gest answers to many common orchard problems. Why, for example, do 
trees of some varieties habitually bear biennially while trees of others bear 
regularly, although given the same cultural treatment? Why do trees of 
some varieties come into profitable fruiting five to six years after planting 
while others do not fruit commercially until ten to twelve years of age? 
Why does one variety bear regularly for one grower and biennially for his 
neighbor? Other orchard conditions present similar problems for practical 
solution. 


The work described in this paper is the result of studies conducted at 
the University of Wisconsin during 1927, 1928, and 1929 in an effort to find 
physiological causes for the differences in growth and fruiting of some 
varieties of apples. 


PREVIOUS DATA SUGGESTING AN APPROACH TO THE PROBLEM 


A direct relation between growth and fruiting character has been sug- 
gested for trees of the Wealthy variety (5). Differences of growth charac- 
ter and fruitfulness were produced by varying the environmental condi- 
tions under which the trees were grown. Strongly vegetative trees making 
a long, slender growth with a high nitrogen nutrient and also weakly vege- 
tative trees making a short, slender growth with a low nitrogen nutrient 
were non-fruitful. Between these two extremes of vegetative condition 
were trees having a relatively thick and moderately long growth which was 
fruitful. 

Chemical analyses of the different types of growth revealed that the un- 
fruitful strongly vegetative trees were high in nitrogen and low in ecarbo- 
hydrates, especially starch ; that the weakly vegetative unfruitful trees were 
low in nitrogen and high in carbohydrates; and that the fruitful trees were 
of intermediate composition. Axillary and terminal buds were common on 
trees that were fruitful but which approached the strongly vegetative con- 
dition, while fruit bud formation was largely limited to spurs on trees that 

1 Publication authorized by the Director of the Wisconsin Agricultural Experiment 
Station. 
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approached the weakly vegetative condition. Between these two conditions 
fruit buds were produced in abundance laterally, terminally, and on spurs. 

The cause of the variation in growth and fruiting within a variety has 
been thought (2, 5, 6) to lie in a difference in chemical composition, par- 
ticularly as regards the relation of carbohydrates and nitrogen compounds. 
If this hypothesis is correct, it was reasoned that a difference in the forma- 
tion and utilization of carbohydrates and compounds of nitrogen might 
account to a degree for the difference in growth and fruiting habits of apple 
varieties. 

Materials 

For convenience in studying the factors underlying their variable fruit- 
ing behavior, apple varieties were classified according to their nsual bearing 
habits, as follows: 


1. Biennially bearing varieties, in which a heavy crop tends to alter- 
nate each year with little or no crop under a rather wide range of 
orchard conditions. 

Regularly bearing varieties, which tend to bear a satisfactory com- 
mercial crop each year when given relatively good cultural condi- 
tions. 

Shyly bearing varieties, which tend to come into bearing late and 
which, for several years after beginning to bear, usually produce a 
light crop either biennially or regularly. 


It is not presumed that such an arbitrary classification holds for 
all varieties under all conditions. Trees of any variety may be found in 
any one of the classes, provided the proper environmental conditions obtain. 
Trees of all varieties tend to come into the first class as they grow older. 
Cultural and climatic conditions influence markedly the class into which a 
variety falls. 

Certain varieties were studied as representative of each class. Duchess 
and Wealthy were taken as typical of the biennially bearing varieties; 
Fameuse, Northwestern, and McIntosh of regularly bearing varieties; Spy 
and in some eases Liveland or Newell of shyly bearing varieties. 

RATE AND PERIOD OF TERMINAL GROWTH.—The amount and period of 
terminal growth were obtained from trees growing in commercial orchards 
at Sturgeon Bay, Wisconsin. The growth curves for the biennially bearing 
Duchess and Wealthy, the regularly bearing McIntosh and Northwestern, 
and the shyly bearing Spy and Liveland were obtained from trees growing 
in the same orehard under similar soil and cultural conditions. Data upon 
the regularly bearing Wealthy and Duchess were obtained from rather 
heavily pruned and nitrated trees in a second orchard. Data for biennially 
bearing McIntosh, Fameuse, and Northwestern were obtained from trees in 
a third well cultivated but poorly fertilized orchard on light soil. The 





FINCH: PHYSIOLOGY OF APPLE TREES 51 


biennially bearing Spy and Newell were old, lightly pruned trees growing 
in a fourth orchard receiving some cultivation but no fertilizer. 

XYLEM FORMATION AND STARCH DISAPPEARANCE AND ACCUMULATION.— 
Xylem formation and starch disappearance or accumulation were observed 
in the current season’s growth or in one- and two-year old wood of some of 
the trees just described. 

MACROCHEMICAL ANALYSES.—Samples for macrochemical analyses con- 
sisted of the entire current season’s terminal shoots from trees growing in 
commercial orchards at Sturgeon Bay, as previously described. Such 
material does not represent the highest or lowest extreme of carbohydrate 
or nitrogen content, but approximates that accompanying extremes of fruit- 
ing condition. 

ANATOMICAL STRUCTURE.—This was studied in terminal shoots from 
trees of commercial orchards at Sturgeon Bay, in nursery trees the first sea- 
son after being grafted and growing under uniform soil conditions in a 
nursery at Madison, and in yearling trees propagated on dwarf stocks grow- 
ing in pot culture with controlled nutrients. 


Methods 


Sampuine.—The method of sampling employed was carefully to select 
typical samples of the class or group being observed, rather than to sample 
at random or in large numbers and draw conclusions after mathematical 
treatment of the data. In all cases where terminal shoots were used, they 
were selected for a particular character or quality of growth (fig. 1), as 
these have been observed to be associated with fruiting performance of the 
variety being sampled. The character of the terminal growth differs with 
variety as regards length, diameter, tapering, bark color, willowyness, 
brashness, length of internodes, and size of terminal leaves. In sampling 
the nursery trees and those growing in pots, care was taken to obtain sam- 
ples typical of the variety or plot, selections being made on the basis of 
growth character. 

MEASUREMENT OF TERMINAL GROWTH.—Records of the rate of growth of 
the terminal shoots were obtained by measuring the length of the terminal 
shoot about every five days during the growing season. Data were taken 
in 1927 and 1928 but only the 1928 results are presented, as they are typi- 
eal of the two seasons. 

XYLEM FORMATION AND STARCH DISAPPEARANCE AND ACCUMULATION.— 
Samples from terminal shoots and one- and two-year old wood were col- 
lected at about five-day intervals during the spring of 1927 and 1928 at 
Madison and during the spring and summer of the same years at Sturgeon 
Bay. These were stored in formalin-aleohol-acetic acid solution (100 ce. of 
50 per cent. alcohol, 2-3 ee. of acetic acid, and 7 ec. of 40 per cent. forma- 
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Fic. 1. Typical shoots of various fruiting classes. 

A. Fruitful terminal shoots of biennially bearing trees. Left, Duchess; 
right, Wealthy. These shoots tend to have large terminal leaves 
arising at wide angles, long terminal internodes, and a uniformly thick 
diameter. 

. Terminal shoots of regularly bearing trees. Left, Fameuse; right, 
McIntosh. These shoots tend to have medium sized terminal leaves, 
moderately long terminal internodes, and a medium diameter which 
tapers somewhat. 

. Terminal shoots of shyly bearing trees. Left, Spy; right, Newell. 
These shoots tend to have rather short terminal internodes, small 
terminal leaves arising at a sharp angle, and a small tapering diam- 
eter. 

. Unfruitful terminal shoots of biennially bearing trees. Left, Duchess; 
right, Wealthy. These shoots tend to have short terminal internodes, 
small terminal leaves arising at sharp angles, and a slender diameter. 


lin). Freehand transverse sections were subsequently made: (1) at a point 
usually in the third internode from the tip; (2) at the middle of the shoot; 
and (3) at the base of the shoot. For the studies involving two-year old 
wood similar sections were made at corresponding points. The sections 
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were stained with a solution of iodine in potassium iodide and mounted in 
a glycerin solution of the same to render the reaction somewhat permanent. 
The width of secondary xylem was measured in units of an eyepiece microm- 
eter and recorded together with the estimated amount of starch. Starch 
storage may occur throughout the pith parenchyma but is usually more pro- 
nounced in the outer areas. It was observed in xylem and ray parenchyma 
and in phloem and cortical parenchyma. The amount of starch present was 
estimated from a consideration of the relative proportion of parenchyma 
cells of each tissue containing it, and also from the relative abundance with 
which it occurred within such cells. 

MACROCHEMICAL ANALYSES.—Material for chemical analyses was col- 
lected on August 12, 1927, and July 27, 1928, at Sturgeon Bay, Wisconsin. 
On these dates, fruitfulness of the shoots might be expected to be related 
to their composition, if such relation exists, for blossom primordia were first 
observed during the early part of August each year. Data obtained in 
1927 were again in agreement with those of 1928 and are not shown. The 
material was dried at 100° C. for a period of about one-half hour, followed 
at 60° C. until an approximately constant weight was reached. Analyses 
were made the following winter in each case. The dried samples were 
ground to pass a no. 80 mesh screen. The unmodified Kjeldahl method was 
used for determination of nitrogen, as little nitrate nitrogen has been re- 
ported in apple wood. Official methods of the Association of Official Agri- 
cultural Chemists were used in making carbohydrate determinations. 

ANATOMICAL STRUCTURE.—Transverse sections 15-30 thick were made 
with the sliding microtome from samples fixed and stored as previously 
described. These were stained with safranin and aniline blue or with 
safranin and Delafield’s haematoxylin and mounted in balsam. Camera 
lucida diagrams of cross sections of pith tissue were made from material 
prepared in this manner. 

HigH AND LOW NITROGEN NUTRIENT.—Yearling trees of several varieties 
propagated on dwarf stocks were grown in the greenhouse in 14-inch pots 
containing practically pure quartz sand from January, 1928, to May, 1928, 
and then transferred to out-of-doors for the remainder of the season. Stock 
nutrient solutions prepared according to the following formula were used: 


WITH NITROGEN WITHOUT NITROGEN 


Water 


; Saturate 
Water ; 1000 ee. 
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The nutrient solution as supplied to the potted trees was prepared by 
diluting A and B each with seven parts of water and mixing together. One- 
half liter of this nutrient was added to each pot at about 10-day intervals 
during the period of most active growth, and less often later in the season. 
Six to eight trees of each variety were given the nutrient containing nitro- 
gen and an equal number given the nutrient without nitrogen. All trees 
were watered with tap water which contained traces of nitrogen. The rec- 
ords describing the growth made by the trees during 1928 (table III) were 
taken in October. The trees were then removed from the pots and stored 
in the cellar until January, 1929, when they were again potted and placed 
in the greenhouse but no nutrient other than that contained in the tap water 
was supplied. 


DEFINITIONS 


The terms fruitful shoot and fruitful growth have reference to the 
growth produced when fruit buds are formed and not when fruit is actually 
borne. (The blossoms appearing on a tree in May were differentiated the 
previous summer.) The terms non-fruitful shoot and unfruitful growth 
refer to the growth produced when no fruit buds are formed. Thus, on 
biennially bearing trees, a fruitful growth is made the season when the tree 
is not bearing fruit, and an unfruitful growth when the tree is bearing fruit. 

In the discussion of the anatomical structure of the xylem, the terms 
spring wood and summer wood are used. These terms designate a quality 
of the xylem rather than a time of formation. The first formed inner 
xylem, in which vessels are large and abundant, is spoken of as spring wood 
although not always formed in the spring. The last formed xylem, in which 
vessels are few and small and in which parenchymatous and fibrous cells are 
abundant, is spoken of as summer wood or summer xylem. 


Presentation of data 


CHARACTER OF TERMINAL SHOOT GROWTH.—The quality of the terminal 
shoots as to length, diameter, degree of tapering, length of internodes, 
brashness, and size of terminal leaves is thought to be indicative of the 
physiological condition of the tree. 

The character of the terminal shoot growth produced by trees of rep- 
resentative varieties and fruiting types is shown in figure 1. The fruitful 
terminal growths made by trees of biennially bearing varieties were found 
to taper but little from base to tip, terminal internodes were long, and the 
last leaves formed were large, the wood itself being brashy. The unfruitful 
terminal shoot growth made by trees of biennially bearing varieties was 
willowy and tapered markedly from base to tip, terminal internodes were 
short, and last formed leaves were small. The terminal shoot growth made 
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by trees of regularly bearing varieties was observed to be moderately brashy 
and moderately thick from base to tip, terminal internodes were moderately 
long, and last leaves formed were moderately large. The terminal shoot 
growth made by trees of shyly bearing varieties was somewhat willowy and 
slender, terminal internodes tended to be short, and last formed leaves 
moderately small. 
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Fig. 2, Formation (width) of new xylem and relative starch content near tips of 
previous season’s growth. Estimated from microscopic observations, spring of 1928, 
Madison, Wisconsin. 
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This description of growth character applies only when trees are fruit- 
ing typically for the variety. When a tree of a variety of one class fruited 
like trees of another class of varieties, the character of the terminal shoots 
produced was found to be correlated to and typical of the condition of 
fruitfulness. 

STARCH DISAPPEARANCE.—The rate and completeness with which starch 
and cell wall thickenings (reserves) disappeared from the previous season’s 
shoots prior to, during, and following blossoming were studied as an indi- 
eation of the relative carbohydrate utilization in the shoots of the different 
classes and varieties of trees. 

The disappearance of starch from the previous season’s shoots was first 
initiated near growing points, as apical meristems and blossom buds, in 
biennially bearing trees which were entering the blossoming year (fig. 2). 
This disappearance was followed in point of time by regularly bearing trees, 
shyly bearing trees, and biennially bearing trees which were entering the 
non-blossoming year. 

In the blossoming year of the biennially bearing trees starch disappear- 
ance continued until after blossoming, when little remained in any of the 
tissues of the small branches. A large part of the reserve present as cell 
wall thickenings in the pith also disappeared, particularly in regions close 
to blossom buds, apparently being utilized in fruiting and in growth. 

In the non-blossoming year of the biennially bearing trees, starch disap- 
peared but little from the phloem, cortex, and xylem; a considerable amount 
remained in the pith. Starch which disappeared with the starting of growth 
in the spring was soon replaced and the content remained relatively high 
throughout the summer. Few if any of the cell wall thickenings of the pith 
disappeared. 

In the regularly bearing and in the shyly bearing trees starch was de- 
pleted less rapidly and less completely than in the blossoming and fruiting 
year of biennially bearing trees, but more rapidly and more completely 
than in the non-fruiting year of biennially bearing trees. 

RATE AND PERIOD OF TERMINAL GROWTH.—As has been suggested by many 
workers, the rate and period of terminal growth of a shoot may be influ- 
enced by the composition or nutritional condition of the shoot; hence shoots 
differing with respect to nutrition should have a different rate and period 
of terminal growth. With this thought in mind, the rate and period of 
elongation of the terminal shoots of trees of different varieties and classes 
of growth and fruiting were measured. The data for 1928 only are shown 
(fig. 3), being alike for the two years observed. All shoots of the class of 
which each curve is representative had growth curves markedly uniform 
as to configuration, although the total length of the shoots measured was 
found to vary within a class. 
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The rate and period of terminal growth of the unfruitful terminal shoots 
of biennially bearing trees were found to be markedly different from that 
of the very fruitful growth of biennially bearing trees. The unfruitful 
shoot started growing later, its growth proceeded slowly during the early 
part of the growth period, it put on smaller leaves, and ceased elongation 
abruptly. The fruitful growth started much earlier and more rapidly, 
put on large leaves, and ceased elongation gradually. The growth of the 
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Fig. 3. Curves of terminal shoot growth, xylem development, and estimated starch 
accumulation in terminal shoots (third internode from tip) of trees of the various 
growth and fruiting classes. Sturgeon Bay, 1928. 


terminal shoots of the regularly bearing trees was intermediate in respect 
to time of starting growth, initial rate, and abruptness with which growth 
ceased. This was particularly true when equal lengths of all types of shoots 
were compared. Long terminal shoots of regularly bearing trees started 
growing in the spring nearly as fast as shorter but more fruitful growths 
of biennially bearing trees. The leveling of the growth curve of the ter- 
minal shoots of the shyly bearing varieties (Spy and Liveland) suggested 
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that of the curves for the unfruitful growths of biennially bearing trees. 

The relative amount of terminal elongation of the shoots after the last 
node has been formed (fig. 3,8) is of interest and possibly of significance. 
This elongation is due to lengthening of internodes. It may be that the 
short terminal internodes of unfruitful shoots and the abrupt flattening 
of their growth curve are related to a common fundamental condition, and 
likewise the long terminal internodes and gradual flattening of the growth 
eurve of the fruitful shoots. 

If the form of the growth curve is influenced by the internal nutrition 
or composition of the shoot, then one interpretation that may be made of 
the elongation curves of figure 3 is that terminal shoots of trees of the 
different varieties and classes are unlike as to composition. The curves 
of the fruitful and of the unfruitful terminal shoots of biennially bearing 
trees possibly represent extremes of composition, those of shoots of regu- 
larly and shyly bearing trees indicating an intermediate composition. 

XYLEM FORMATION.—A correlation of diameter thickness to fruiting 
performance has been suggested for spurs by Crow and Emr (1) and for 
spurs and terminal shoots by Roperts (5). 

The formation of secondary xylem in the current season’s terminal 
shoots of trees of the different varieties and classes was found to be related 
to fruitfulness; that is, to blossom bud formation, in the shoots (fig. 3). 
It was initiated first, and proceeded most rapidly in the fruitful terminal 
shoots of biennially bearing trees. It was next initiated and proceeded 
moderately rapidly in the terminal shoots of regularly bearing trees. It 
was initiated later and proceeded slowly in the terminal shoots of shyly 
bearing trees. It was initiated last and proceeded most slowly in the 
unfruitful terminal shoots of biennially bearing trees. 

The widest xylem (measured at a point usually in the third internode 
below the tip of the shoot) was in the fruitful terminal shoots of biennially 
bearing trees. The terminal shoots of regularly and shyly bearing trees 
had the next widest xylem, and the unfruitful terminal shoots of biennially 
bearing trees had the narrowest xylem (figs. 4,5). The xylem at the base 
of the shoot may be wider in a long growth such as a sucker or the terminal 
shoot of a regularly bearing tree than in the fruitful shoot. The width of 
the xylem in these cases, however, appears to be associated with the elon- 
gating of the shoot. The quality of such basal xylem, as indicated by ana- 
tomical structure, was not like that in the fruitful shoot. Spring xylem 
development in one-year old wood follows the initiation of starch disap- 
pearance and the initiation of terminal shoot growth. It is correlated with 
these and not directly with blossom bud formation. 

STARCH ACCUMULATION.—Starch accumulation in the terminal shoots 
was investigated as a possible index of the carbohydrate composition of the 
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Fie. 4. The xylem in the fruitful growths of biennially bearing trees is much wider 
It has an abundance of summer wood containing 


than that in the unfruitful growths. 
many parenchymatous cells. 
A. Wealthy fruitful. B. Duchess fruitful. 
C. Wealthy unfruitful. D. Duchess unfruitful. 
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Fie. 5. The xylem in the terminal shoots of regularly and shyly bearing trees is 
intermediate in width and amount of summer wood but that of the shyly bearing ap- 
proaches the non-fruitful extreme. 

A. Northwestern. B. MelIntosh. 
C. Newell. D. Spy. 
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Fic. 6. Camera lucida diagrams of representative areas near center of pith at 
base of nursery whips. 
A. Northwestern girdled. B. Wealthy untreated. 
C. Northwestern untreated. D. Fameuse untreated. 
E. Spy untreated. F. Northwestern defoliated. 


different shoots and as one factor associated with their fruiting performance. 
In the current season’s terminal shoots, starch accumulation begins at the 
base and proceeds upward. This accumulation and the formation of the 
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xylem progress uniformly in the current season’s growth. In older wood 
the presence of lateral branches and spurs causes local accumulations of 
starch and irregularities in width of xylem. 

Starch appeared first in the storage tissues of the fruitful terminal 
shoots of biennially bearing trees, and last in the unfruitful shoots of bi- 
ennially bearing trees. The appearance of starch in the terminal shoots 
of typically bearing trees of regularly and shyly bearing varieties occurred 
after that in the fruitful shoots but preceded that in the unfruitful shoots 
of the biennially bearing trees (fig. 3). 

The formation of the secondary thickenings of the pith cell walls 
appeared to precede the formation of starch in the cell. Starch was not 
found in pith cells which did not have secondary thickenings (fig. 6). In- 
versely it was observed that starch is removed from pith cells in the spring 
before the wall thickenings disappear. The total width of the thickenings 
was observed to vary between the different types of shoots, as does also the 
relative number of cells in the pith having such wall thickenings. 

A considerable amount of starch was present in the fruitful growths 
by June 20 (1928), whereas a comparable amount had not accumulated in 
unfruitful terminal shoots until the middle of July. About the first of 
August starch began to accumulate abundantly in all shoots. By the early 
part of September, it appeared that nearly as much starch was present in 
the unfruitful as in the fruitful growths, yet blossom buds were formed 
only on the fruitful shoots where starch storage took place early in the 
season. By the latter part of September or early October starch began 
disappearing from the terminal shoots. This disappearance was observed 
to be initiated at the base of the shoot and proceed upward. 

CHEMICAL COMPOSITION OF TERMINAL sHOOTS.—Data obtained from 
macrochemiecal analyses of tissue collected in 1928 appear in table I. The 
values found for percentage of ether extractable materials, free reducing 
and total reducing substances, do not show a consistent relation to growth 
character or to the amount of blossom bud formation in the shoot. The acid 
hydrolyzable fraction was somewhat correlated with the degree of fruitful- 
ness of the shoots of different varieties. Of the samples analyzed, starch 
content was found to be highest in the fruitful shoots of biennially bearing 
trees and lowest in the unfruitful shoots. The starch-nitrogen and total 
earbohydrate-nitrogen ratios were greatest in the fruitful and lowest in the 
unfruitful shoots. Evidently typically fruiting trees of biennially bearing 
varieties build up carbohydrates abundantly in relation to nitrogenous 
compounds the season that many fruit buds are formed. The next season, 
when the fruit is borne and no blossom buds are formed, they are relatively 
low in carbohydrates. Trees of regularly and shyly bearing varieties 
formed an intermediate number of fruit buds, and produced a terminal 
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growth that was intermediate in carbohydrate and nitrogen composition be- 
tween that produced during the ‘‘on’’ and ‘‘off’’ years of biennial kinds. 

Shoots selected at random from those collected for macro-analyses were 
sectioned and observed microscopically. The results of these studies were 
in general agreement with the analytical data, although the former indicate 
wider extremes of starch and hemicellulose content than were revealed in 
the macro-analyses. 

These data cannot be interpreted as meaning that a maximum carbo- 
hydrate content makes for fruitfulness, since samples were taken only from 
the ‘‘fruitful range.’’ An unfruitful high carbohydrate-low nitrogen 
sample (3) was not included. 

The numerical values assigned to the ratios in table I are relative and 
not absolute. An absolute expression of chemical composition does not seem 
feasible. This is partly because of the failure of present methods of macro- 
analyses accurately to measure materials used in growth and fruiting. As 
in the present data, the ordinary methods of analyses recover only a part 
of the total material in the sample, any metabolic value that the remainder 
may have not being estimated. Again there is the question of whether data 
showing composition should be expressed as percentage or in amounts per 
given unit. Anatomical studies have indicated that fruiting is associated 
with a quality of composition rather than with a quantity of materials. If 
such is true the percentage basis may provide a more accurate index by 
which the composition as related to fruiting may be expressed. 

ANATOMICAL STRUCTURE.—That the anatomy of the plant may reflect its 
vegetative and fruiting condition has been suggested by numerous workers, 
yet little use has been made of this method as one approach to the solution 
of certain physiological problems. In the present study consideration of 
anatomical features provided additional information. 

The xylem was found to vary widely in the different classes of shoots 
as to amount and quality (numbers and kinds of cells, size of cells, ete.) 
of summer wood present. The xylem of the fruitful growths of biennially 
bearing trees had the most summer wood; that of the unfruitful terminal 
growths had the least (fig. 4). Intermediate between these two extremes 
was the amount of summer wood present in the xylem of the terminal 
shoots of regularly and shyly bearing trees (fig. 5). 

The summer wood characteristic of the fruitful terminal shoot of a 
biennially bearing tree was found to have fewer vessels than the spring 
wood of the same shoot, or of the spring wood comprising practically the 
entire xylem in the unfruitful shoot. Other differences were also found 
which may have much significance from the standpoint of the chemical 
composition of the shoot, and particularly of changes in composition 
throughout the period of xylem formation. Outstanding among these were 
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the numbers and ratios of ray cells, vessels, fibers, and parenchyma (table 
II and figs. 4 and 5). 
TABLE II 


RATIOS OF FIBERS, RAY CELLS, AND VESSELS TO PARENCHYMA IN OUTER XYLEM OF SHOOTS 
OF VARIOUS VARIETIES GROWING UNDER SEVERAL CONDITIONS 








FIBERS: RAY CELLS: 
PAREN- PAREN- 
CHYMA CHYMA 





TERMINAL SHOOTS OF ORCHARD TREES 
Wealthy unfruitful 5.8 
Duchess unfruitful 5.9 
Spy 5.5 
Newell 5.4 
Northwestern 5.2 
McIntosh 4.6 
Fameuse 3.3 
Wealthy fruitful 2.4 
Duchess fruitful 2.5 
Wealthy, under-vegetative and unfruitful 2.0 



































BASE OF NURSERY WHIPS 
Spy 
Fameuse 
Wealthy 
Northwestern, defoliated 
Northwestern, untreated 
Northwestern, girdled 

















PoTTED WEALTHY TREES 
Grown in shade with high nitrogen 
nutrient, girdled, sample taken below 
girdle 
Grown in full sunlight with low nitro- 
gen nutrient, girdled, sample from 


above girdle ; 1.4 | 0.45 
| 











The summer xylem of the fruitful terminal shoots of biennially bearing 
trees had a relatively large number of parenchymatous cells, and the fiber 
to parenchyma ratio was low. The summer xylem of the terminal shoots 
of regularly bearing trees had a smaller number of parenchymatous cells, 
and the fiber to parenchyma ratio was higher. The summer xylem, of which 
there was very little in the terminal shoots of shyly bearing trees and in 
the unfruitful shoots of biennially bearing trees, contained few parenchyma 
cells and relatively many fibers. The same relationship of cells in the spring 
wood did not appear to have this definite trend from the fruitful to the 
unfruitful shoots. Spring wood varied less throughout the different types 
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of shoots than did the summer wood. The quality of the early formed 
spring wood appeared to be related to the presence and utilization of food 
reserves. Summer wood seemed related to the current supply and accumu- 
lation of elaborated foods during the growth period. 

That the character of the anatomical structure of the xylem may be 
markedly influenced by the chemical composition of the shoot was indicated 
by a study of the anatomy in Wealthy trees which represented wide 
extremes of growth character, fruitfulness, and composition (table ITI). 

1. Shoots on which no blossom buds formed were obtained from an old, 
poorly vegetative, unfruitful, nitrogen starved tree. The xylem of 
such shoots was composed almost entirely of summer wood in which 
parenchyma was abundant and the ratio of fibers to parenchyma 
was the lowest of any samples examined. It has been reported (5) 
that samples similar to these have a high carbohydrate and low nitro- 
gen composition. 

Shoots on which many blossom buds formed, and which corresponded 
in external appearance to the fruitful terminal shoots of biennially 
bearing trees, were obtained from trees growing in pot culture. In 
these the xylem contained considerable summer wood in which the 
number of parenchyma cells was relatively high and the ratio of fibers 
to parenchyma was relatively low. It has been reported (5, 6) that 
such shoots have a relatively high carbohydrate and intermediate 
nitrogen content. 

Shoots on which no blossom buds formed were taken from below a 
girdle on shaded trees growing in pots with a high nitrogen nutrient. 
The xylem of such shoots contained little summer wood and in it the 
number of parenchyma cells was small and the ratio of fibers to paren- 
chyma was high. It has been reported (6) that samples similar to 
these have a low carbohydrate and high nitrogen content. 


If the chemical composition of these types of shoots has been correctly 
reported, is it not further evidence that: 


1. The fruitful terminal shoots of biennially bearing varieties (which 
have in the xylem a large amount of summer wood containing much 
parenchyma and few fibers) are of a relatively high carbohydrate 
and low nitrogen composition ; 

The terminal shoots of trees of regularly and shyly bearing varieties 
(which have in the xylem somewhat less summer wood and paren- 
chyma and more fibers) are of somewhat lower carbohydrate and 
higher nitrogen composition ; 

The unfruitful terminal shoots of trees of biennially bearing varie- 
ties (which have in the xylem little summer wood, few parenchyma, 
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and many fibers) are of relatively low carbohydrate and high nitro- 
gen composition ? 


A study of the anatomy of nursery whips also yielded further evidence. 
Some were defoliated and others girdled during midsummer. Sections of 
these and of untreated trees taken in late fall after growth had ceased 
showed that the relative amount of parenchyma in the last formed xylem 
was least in defoliated, next highest in untreated, and highest in girdled 
trees (table II). The relative carbohydrate content as observed in the pith 
of these trees is represented in the camera lucida diagrams of figure 6. The 
earbohydrate-nitrogen ratio has been found by Harvey (2) to be least in 
defoliated, next highest in untreated, and highest in girdled shoots. 

Nursery whips of different varieties were found to differ in number of 
parenchymatous cells and in the parenchyma to fiber ratio in the outer 
xylem. Of Spy, Fameuse, and Wealthy, Spy had relatively the lowest num- 
ber of parenchyma cells, comparable to defoliated Northwestern. Fameuse 
was comparable to Northwestern untreated ; Wealthy had relatively the great- 
est number of parenchymatous cells and was comparable to girdled North- 
western (tableII). Of these same nursery trees the amount of starch and the 
secondary cell wall thickenings in the pith were greatest in Northwestern 
girdled and Wealthy untreated; were intermediate in Northwestern and 
Fameuse untreated; were least in Northwestern defoliated and Spy 
untreated (fig. 6). 

If the relative number of parenchyma cells in the xylem and the relative 
amount of starch and secondary cell wall thickenings of the pith give an 
index of the amount of carbohydrates present in young trees, then the 
Wealthy, even in the nursery row, starts to accumulate carbohydrates fairly 
abundantly, Fameuse and Northwestern less so, and Spy least of all. 

It may be significant that the age at which trees of these varieties ordi- 
narily come into bearing is in the same order as the rate or degree to which 
these data indicate carbohydrates to be formed in the young nursery trees. 
The growth made by young trees of all varieties indicates that they tend to 
be of a higher nitrogen composition than older trees. As carbohydrates 
accumulate the tree makes less and less growth, a condition of fruitfulness 
finally resulting. Trees of those varieties which form carbohydrates most 
abundantly usually reach this condition first, depending upon cultural con- 
ditions. Similarly, when grown with a deficiency of nitrogen, they are 
often the first to reach, later in life, an unfruitful condition in which the 
character of growth produced is characteristic of an excessively high carbo- 
hydrate composition. 

RESPONSE TO HIGH AND LOW NITROGEN NUTRIENT.—If trees of different 
varieties differ in formation and use of carbohydrate and nitrogen com- 
pounds, then the amount and quality of the growth produced by trees of 
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different varieties when grown under similar and controlled nitrogen 
nutrient conditions might be different. 

It was found that potted trees of different varieties did not respond 
alike to similar nutrient conditions (table III). Under high nitrogen 
nutrient, Duchess and Wealthy trees were the only ones to form »lossom 
buds the first season after potting. Trees of the other varieties were over- 
vegetative ; that is, a relatively long, tapering, unfruitful growth was made. 
With low nitrogen nutrient conditions, Duchess and Wealthy trees were 
under-vegetative; that is, a short slender growth was made; the growth 
of McIntosh closely approached the fruitful character but no fruit buds 
were formed. Northwestern and Spy were still over-vegetative in 
growth type. 

It is significant that under a high nitrogen nutrient Spy showed almost 
the least and Wealthy the greatest relative increase in weight; under low 
nitrogen nutrient Spy showed the greatest and Wealthy the least increase 
(table III). Spy increased in weight more in low nitrogen nutrient than 
in high; Wealthy and Duchess gained more weight in high nitrogen 
than in low. 

In January of 1929 these trees were again potted, placed in the green- 
house, and allowed to grow without soil nutrient other than that contained 
in tap water. The amount of growth made under these conditions would 
seem fairly indicative of the quality or amount of previous seasons’ reserves 
present in the trees. Of the trees previously grown in high nitrogen 
nutrient, Duchess and Wealthy made the most growth (total length), 
McIntosh and Northwestern less, and Spy least. This small amount of 
growth of Spy was apparently because of a deficiency of carbohydrate 
reserves formed in 1928. Of the trees which had been in low nitrogen 
nutrient in 1928, Spy made the most growth, Duchess and Wealthy least. 
This small amount of growth of Duchess and Wealthy was apparently 
because of a deficiency of nitrogen reserves formed in 1928. 


Discussion 

The recognition that the cause of the difference in fruiting performance 
between varieties may be related to differences in growth character as 
induced by differences in carbohydrate and nitrogen utilization by the trees 
provides a basis for planning cultural treatments. Growth type and carbo- 
hydrate and nitrogen composition can be altered in the orchard easily, 
practically, and in many instances economically, by such ordinary practices 
as pruning, the application of readily available nitrogenous fertilizers, and 
by other soil management programs. Since some varieties tend to be rela- 
tively higher in nitrogen and some relatively higher in carbohydrates, the 
same amount or kind of pruning, the same fertilizer applications, or the 
same soil management may have opposite effects when applied to different 
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varieties. The adaptation of cultural treatments to a variety must be based 
on the performance of that variety under the conditions and loeality in 
which it is being grown. These can be only suggested here. 

Trees of such varieties as Spy, Newell, and Golden Russett, upon reach- 
ing a bearing size, should be treated to increase the carbohydrate content 
in order to increase fruitfulness. Less of a nitrogenous fertilizer need be 
applied. Pruning should be of the thinning-out type to allow more sun- 
light to reach the leaves. Bending of branches to admit sunlight may be 
a practical means of inducing early bearing. This has been reported (4) 
to have increased the yields of 9-year-old Spy trees in New York. 

By comparison, trees of such varieties as Duchess, Wealthy, or Trans- 
parent should be treated to avoid an excessively high carbohydrate con- 
tent. This can be done by soil management practices which increase the 
available nitrogen of the soil; and by pruning, particularly of the heading- 
back type which gives the response of a lowered carbohydrate content or 
of an increased nitrogen content. 

The present study suggests further evidence for the view that the fruit- 
ing performance of a tree is dependent upon the nutritional condition 
existing within it, rather than directly upon any specific environmental 
influence. It has emphasized the importance, as has been set forth by other 
workers, of a condition of balance between extremes in growth character 
and chemical composition of the trees as favoring fruitfulness. While 
genetic differences are perhaps the underlying causes for the differences 
in varietal behavior, they are expressed in orderly and more or less under- 
standable physiological processes, a knowledge of which furnishes a basis 
for cultural treatment. 

An interesting as well as an important fact that has come from this 
study is the relation between chemical composition, fruitfulness, growth 
character, growth rate and period, rate and period of xylem formation, 
presence or absence of summer wood, and cell distribution in the xylem. It 
may be that information can be obtained of one phase of plant performance 
by considering it in relation to others. 

A study of the anatomical structure of the plant has been used as one 
means of measuring its physiological condition. This method of attack 
may prove of further value in the solution of some physiological problems, 
particularly in view of the present uncertainty of macrochemical methods 
to yield completely satisfactory results and also in view of the relative 
ease with which some seasonal nutritional changes can be detected ana- 
tomically. 

The present study has emphasized the importance of the time and initial 
rate of growth in determining the fruitfulness of the resulting shoot. Fur- 
ther knowledge is needed of the chemistry of food reserves upon which 
growth in the spring is largely dependent. 
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Summary 


1. The data presented give evidence that the relative position between 
the extremes of vegetativeness that trees of a variety normally occupy is 
correlated with the typical fruiting performance of trees of the variety. 
The degree of vegetativeness is closely related to or determined by the chem- 
ical composition of the tree, particularly as regards carbohydrate and 
nitrogen contents. 

2. Of the samples analyzed, the starch and total carbohydrate contents 
and starech-nitrogen and total carbohydrate-nitrogen ratios were highest 
in fruitful terminal shoots of trees of biennially bearing varieties. They 
were next highest in terminal shoots of trees of regularly and shyly bearing 
varieties. They were lowest in the unfruitful terminal shoots of trees of 
biennially bearing varieties. (Nitrogen starved non-fruitful trees were 
not analyzed.) 

3. Numerical expressions of chemical composition, particularly of carbo- 
hydrate-nitrogen ratios, are only relative because of limitations of present 
methods of macro-analyses. 

4. Terminal growth was first initiated and proceeded more rapidly 
during the early part of the growing period in the fruitful than in the 
unfruitful terminal shoots of trees of biennially bearing varieties. Ter- 
minal growth of trees of regularly and shyly bearing varieties was inter- 
mediate in point of time of initiation and initial rate. 

5. Accumulation of starch and formation of xylem were initiated earlier 
and proceeded more rapidly in the fruitful terminal shoots of trees of bi- 
ennially bearing varieties than in the unfruitful terminal shoots. These 
were intermediate in the terminal shoots of trees of regularly and shyly 
bearing varieties. 

6. The width of xylem in the terminal shoots of trees of regularly and 
shyly bearing varieties was intermediate between that of unfruitful and 
fruitful terminal shoots of trees of biennially bearing varieties. 

7. Summer wood formation in the xylem was associated with carbo- 
hydrate accumulation. It was abundant in the xylem of fruitful terminal 
shoots of trees of biennially bearing varieties. It was less abundant in 
terminal shoots of trees of regularly and shyly bearing varieties and least 
abundant in unfruitful terminal shoots of trees of biennially bearing 
varieties. 

8. A relatively large number of parenchymatous cells and a low fiber 
to parenchyma ratio in the xylem were associated with a high carbohydrate, 
low nitrogen composition. Conversely, a relatively small number of paren- 
chymatous cells and a high fiber to parenchyma ratio in the xylem were 
associated with a low carbohydrate, high nitrogen composition. 
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9. Trees of different varieties propagated on dwarf stocks did not re- 
spond equally to similar nutrient conditions in amount and character of 
growth produced. 

10. Fruitfulness was correlated with character of terminal growth, 
growth rate and period, rate and period of xylem formation, presence of 
summer wood, cell distribution in the xylem, and chemical composition. 

11. The time and rate at which terminal growth, with its accompanying 
leaf formation, are initiated in the spring appeared to be highly correlated 
with the fruitfulness of the resulting growth. 

12. The chemical composition of trees of a variety as indicated by the 
character of the terminal shoot growth may be used as an index to cultural 
needs. 

13. The unfruitful growths of biennially bearing trees represent an 
extreme of composition. The fruitful growths represent an intermediate 
condition. A possible other extreme of samples from nitrogen-starved trees 
was not included. 
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DETERMINATION OF THE NITROGENOUS FRACTIONS IN 
VEGETATIVE TISSUE OF THE PEACH* 


O. W. DAVIDSON AND J. W. SHIVE 


Introduction 


All vegetative parts of the peach contain a glucoside which may be 
hydrolyzed to form hydrocyanic acid, benzaldehyde, and glucose by the 
action of any enzyme, or enzymes, also present in the various tissues. The 
eyanogenetic glucoside or glucosides are not present in the same concentra- 
tion in all parts of the plant. Thus in the fruit flesh it is found only in very 
minute amounts, although some investigators (12) have reported it to be 
absent from this part. Cyanogen compounds are known to occur in many 
plants, however, but they are supposed to be present only as glucosides. 
Nevertheless, WILLAMAN (26) and others have found in some plants what 
was regarded as either free hydrocyanic acid or hydrocyanie acid from a 
very unstable glucoside. Although no free hydrocyanic acid is known to 
exist in the peach, the cyanogenetic glucoside, or glucosides, are either more 
stable in dormant or slowly growing plants than in rapidly growing ones, 
or else their specific enzymes are relatively inactive in the slowly growing 
plants. 

Because of the presence of a nitrogenous glucoside, or glucosides, peach 
tissue cannot be macerated in the preparation of an extract of soluble nitro- 
gen without a consequent loss of nitrogen. Certain modifications in the 
procedure commonly employed for plant analyses are necessary, therefore, 
and the nitrogen contained in this glucoside must be determined and re- 
moved completely from an aqueous extract of peach tissues before the 
remaining nitrogenous fractions can be determined accurately. 

In the present study an attempt has been made to modify the methods 
commonly employed for the determination of the nitrogenous fractions in 
plants in general, so that they may be used for investigations of these frac- 
tions in the tissues of the peach (Prunus persica Stokes). 

The methods described are suitable for use with samples comprising 50 
gm. or more of fresh plant material. Samples of this size have been found 
adequate to give representative results. Only aqueous extracts prepared 
from fresh plant material were regarded as suitable for use in this con- 
nection, since CHIBNALL (4) has shown that such extracts are more ap- 
plicable than any others in a study of the nitrogen distribution in plants. * 

The investigation is admittedly incomplete in that it does not include - 
a study of the composition of all parts of the peach plant sampled at various — 

1 Journal Series paper of the New Jersey Agricultural Experiment Station, Depart- 
ment of Plant Physiology. 
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stages of growth. There may be parts of the plant that at times will require 
special handling previous to extraction, such as that indicated by Roprnson 
(14). 

Materials and methods 


In these studies the stem material used consisted of twigs one year old 
or less taken from peach trees grown in an orchard or in sand cultures in 
a greenhouse. Only the non-woody portions of the root systems of peach 
trees grown in sand cultures were analyzed. The material consisted of the 
tender white ends of roots from which the cortex had not sloughed off, and 
3-5 em. of the older portions from which the cortex was missing. 


PREPARATION OF TISSUE FOR EXTRACTION 


In the preparation of an extract from peach tissue, it is necessary that 
the enzyme or enzymes which hydrolyze cyanogenetic glucosides be de- 
stroyed as early in the process as possible. Unless the material is handled 
quickly and precautions are taken to prevent or minimize the hydrolysis of 
the glucoside, some of the hydrocyanie acid liberated may be lost during the 
preparation of the extract. Before the enzyme is destroyed, however, the 
material must be prepared for aliquoting and extracting. 

Accordingly the twigs were ground to shreds in a pencil sharpener (7). 
When entirely woody, the whole twig could be ground in this manner. In 


the case of actively growing shoots, however, the terminal 8-10 em. of 
growth, and the short, slender side branches could not be ground satis- 
factorily in a pencil sharpener because of lack of rigidity in the tissue. 
Such material was therefore minced finely with pruning shears and then 
mixed thoroughly with the shredded material and aliquoted. 


METHOD OF EXTRACTING 


In studying the nitrogen distribution in the leaves of Prunus lauro- 
cerasus, RoBINsoN (14) placed a small sample of minced leaves in a flask, 
added cold water, and then inserted a stopper fitted with tubes to permit a 
strong current of air to be passed through the contents. The aeration was 
started and the flask was heated until the contents reached boiling point, 
at which it was held for 20 minutes. Any hydrocyanic acid distilled over 
was collected in 5 per cent. sodium hydroxide contained in a flask immersed 
in an ice bath. By continuing the aeration for three hours after boiling, 
she presumably recovered any hydrocyanic acid liberated from the tissue 
before the emulsin was destroyed. Through this procedure she recovered 
half or more of the cyanide present in cherry laurel leaves. The remaining 
ecyanogenetic nitrogen was recovered by the action of emulsin upon an 
aliquot of the aqueous extract. 
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Inasmuch as P. laurocerasus and P. persica are closely related species, 
it was expected that peach stem tissue subjected to this treatment would 
likewise yield a portion of the nitrogen contained in its cyanogenetic gluco- 
side. The amounts of hydrocyanic acid recovered from samples of peach 
tissue boiled and aerated in this manner? varied widely. In the case of 
dormant and slowly growing peach stems no hydrocyanic acid was liberated. 
Samples comprised of the terminal 15-20 em. of stems that were growing 
rather slowly in late August, however, liberated a very small amount of 
eyanogenetic nitrogen equivalent to only 0.0022 per cent. of their green 
weight. At the same time the stem tips of fast growing suckers taken from 
young trees yielded cyanogenetic nitrogen equivalent to 0.0145 per cent. of 
their green weights. During June, when the peach trees were growing 
most rapidly, a sample comprised of the terminal 15-20 em. of rapidly 
growing stems liberated cyanogenetic nitrogen equivalent to as much as 
0.0438 per cent. of the green weight. This sample contained a relatively 
large proportion of meristematic tissue rich in nitrogenous constituents. 
Nevertheless the unusually high proportion of hydrocyaniec acid recovered 
in the distillate indicates that the cyanogenetic glucoside found in rapidly 
growing peach stems is less stable than that found in slowly growing stems, 
or else that the emulsin present in the former is more active than that in 
the latter. 

It is interesting to note that no hydrocyanic acid was liberated when the 
leaves of rapidly growing peach stems were boiled and aspirated. The short 
period of time required for the preparation of a sample of the leaves before 
bringing them to a boil may have been too brief to allow an appreciable 
amount of hydrolysis of the ecyanogenetic glucoside to take place. 

VIEHOEVER, JOHNS, and ALsBERG (22) used various treatments for dis- 
tilling the cyanogenetic nitrogen from Tridens flavus. Their results showed 
that no hydrocyanie acid, or at the most only a very small proportion, was 
liberated when the tissue was distilled without the addition of acid. 

It is evident that a wide range of stability is exhibited by the various 
eyanogenetic glucosides found in plants. Indeed there is considerable indi- 
eation of a variation in the stability of the eyanogenetic glucoside or gluco- 
sides found within a single plant (26). 

The preliminary boiling under a reflux condenser recommended by 
Ropinson was therefore omitted in the preparation of extracts from 
dormant and slowly growing peach stems, and from roots and leaves. In 
this case an aqueous extract was prepared by covering a 50-gm. aliquot of 
the finely minced plant material with boiling water in a large beaker, and 


2In this work, hot instead of cold water was added to the samples in the distilling 
flasks in order to hasten the destruction of enzymes and to minimize the liberation of 
hydrocyanic acid from the tissue. 
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allowing the contents to boil for 20 minutes. Following this the tissue was 
transferred to ‘‘longeloth’’ and washed repeatedly, then placed in a mortar 
where the pieces minced with shears were pounded to a pulp. A further 
extraction was accomplished by boiling the tissue again for 10 minutes 
and then washing it several times, to make a volume of approximately 950 
ec. This method is essentially the same as that adopted by Vickery and 
Pucuer (21) for an investigation of the nitrogenous fractions in tobacco 
leaves. It has been studied recently by Davinson, CuarK, and SHIveE (6) for 
use with a number of plants, including the peach. 

When actively growing peach stems were extracted, it was necessary to 
use the preliminary distillation and aspiration recommended by Roprinson. 
For this purpose the sample was placed in a 2-liter Florence flask and 
covered with 400 to 500 ec. of boiling water. After the aspiration had been 
continued for three hours, the sample was extracted as described in the 
preceding paragraph. 

Owing to the bulkiness of the shredded peach stem tissue, samples 
heavier than 50 gm. were seldom used, and samples weighing from 80 to 100 
gm. were always extracted with about 1900 ec. of water in order to insure a 
thorough removal of the soluble nitrogen present. Since minced peach 
roots are much less bulky than minced or shredded peach stems, root samples 
heavier than 50 gm. could be extracted conveniently with 1 liter of water. 

A peach extract obtained in this manner contains very little nitrogen 
that can be coagulated by heating with very dilute acetic acid. Neverthe- 
less the extract, having a volume of approximately 900 to 950 ec., was heated 
to boiling in a large beaker, 1.5 cc. of 10 per cent. acetic acid was added, and 
the solution was allowed to boil for 1 minute. The hot extract then was 
filtered through paper pulp in a Buchner funnel with the aid of suction. 

In a previous investigation (6), the amounts and distribution of soluble 
nitrogen in representative aliquots of peach stems were compared after ex- 
traction with boiling water as just described, and after grinding in a mortar 
with the aid of sand, followed by extraction with cold water. By the latter 
method the glucoside probably was exposed to the active enzyme for more 
than an hour longer than it was by the boiling method. During this period 
of maceration in the mortar, 11.66 per cent. of the cyanogenetie nitrogen 
present either was lost or was combined in some stable compound that did 
not permit its release in the subsequent treatments. ALSBERG and BLACK 
(1), working with Prunus virginiana and Andropogon sorghum, recovered 
less hydrocyanic acid after a period of maceration than by the distillation 
of fresh comminuted leaves. 


CYANOGENETIC NITROGEN 


An analysis of the various nitrogenous fractions in an extract of peach 
tissue presents little difficulty after the complete removal of eyanogenetic 
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nitrogen has been effected. Indeed for the analysis of an extract free of 
this form of nitrogen, the methods employed by NigHTINGALE e¢ al. (9, 10), 
TrepJENS and Rogpsins (19), TrepJENs and BLAKE (20), and others (5) may 
be used with only slight modifications. 

The quantitative recovery of cyanogenetic nitrogen in peach tissue ex- 
tracts, however, has presented considerable difficulty. A review of the 
literature dealing with methods for determining this form of nitrogen in 
plants has revealed a variety of procedures, none of which is entirely satis- 
factory. 

DETERMINATION BY ACID HYDROLYsSIS.—The hydrolysis of amygdalin by 
acids and by emulsin has attracted the attention of chemists for many years. 
Auutp (2), WALKER and KRiEBLE (25), and later Kriesue (8), have made 
special studies of the methods and products of the hydrolysis of amygdalin. 
These investigations have shown that the nitrogen in amygdalin is con- 
verted readily to ammonium sulphate by the action of concentrated sul- 
phurie acid. When treated with dilute sulphuric acid, however, the hy- 
drolysis takes a different course, forming l-mandelonitrile, from which 
hydrocyanie acid is liberated slowly and incompletely. These studies have 
shown clearly that the hydrolysis of amygdalin, with the subsequent libera- 
tion of hydrocyanic acid, is accomplished more rapidly and more com- 
pletely by the action of emulsin than by that of acids. 

ALSBERG and Buack (1) concluded that all of the hydrocyanie acid that 
could be obtained from the leaves of Prunus virginiana was liberated dur- 
ing hydrolysis by boiling with 5 per cent. sulphurie acid for 4 hours, 
whereas that recovered from Andropogon sorghum and Panicularia nervata 
was liberated during hydrolysis for 1 hour with the same concentration 
of acid. This conclusion, however, was based upon the assumption that all 
of the ecyanogenetic nitrogen present in the glucosides was liberated when 
further acid hydrolysis failed to release any more hydrocyanie acid, an 
assumption that has been shown (26) to be unjustified. 

It was considered here that information concerning the extent to which 
hydrocyanic acid is liberated from extracts of peach tissue during hydroly- 
sis with sulphuric acid might be of considerable importance. Thus if it 
were found that this form of nitrogen could be removed quantitatively by 
such treatment, then, by subtraction, Kjeldahl determinations before and 
after hydrolysis would reveal the amount of cyanogenetic nitrogen present. 
Furthermore, if this fraction could be removed during the 2.5-hour hy- 
drolysis with 5 per cent. sulphuric acid used in the determination of amide 
nitrogen, the analysis would be simplified by the elimination of one 
procedure. 

Accordingly aliquots of an extract prepared from peach stems were 
hydrolyzed by boiling for different lengths of time under condensers of 
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the Hopkins type with two concentrations of sulphuric acid. The amounts 
of hydrocyanie acid liberated were determined by a comparison of the 
amounts of total nitrogen in the aliquots before and after hydrolysis. 
Similar aliquots of the same extract also were hydrolyzed with emulsin, 
following a method that will be described later. The results obtained, to- 
gether with data showing the behavior of ¢e.p. amygdalin when hydrolyzed 
with dilute sulphuric acid and with emulsin, are presented in table I. It 
is apparent that, during acid hydrolysis, the behavior of the cyanogenetic 
glucoside in a peach stem extract is very similar to that of amygdalin. 
It is also apparent that the decomposition of the glucoside by hydrolysis 
with dilute sulphuric acid is far from complete. Nevertheless duplicate 
aliquots, after hydrolysis for the same time and with the same concentra- 
tion of acid, always yielded similar amounts of nitrogen. This fact would 
seem to indicate that, under similar conditions of hydrolysis, the deecompo- 
sition of the glucoside stops at a fairly definite stage. 


TABLE I 
COMPARISON OF AMOUNTS OF HYDROCYANIC ACID NITROGEN LIBERATED FROM ALIQUOTS OF A 
PEACH STEM EXTRACT AND FROM A 1% SOLUTION OF AMYGDALIN BY HYDROLYSIS 
WITH DILUTE SULPHURIC ACID AND WITH EMULSIN 








RECOVERY 
OR LOSS OF 
HCN-N 


TOTAL YIELD OF 
NITROGEN HCN-N 


gm. gm. % 
ec. of stem extract, Kjeldahlized ..................... 0.00860 
ec. of stem extract, hydrolyzed with emul- 
sin 0.00555* 0.00309 
ec. of stem extract, hydrolyzed 2.5 hours 
with 5% H, 0.00649 0.00211 
ec. of stem extract, hydrolyzed 5 hours 
with 5% H,S80, 0.00607 0.00253 
ec. of stem extract, hydrelyned 5 ‘hours 
with 10% H,SOQ, ................ oe 0.00656 0.00203 
ec. of 1% amygdalin, Kjeldahlized Venere 0.02813 
ec. of 1% amygdalin, hydrolyzed with 
emulsin 0.02810 100 
ec. of 1% amygdalin, hydrolysed 2 2. 5 hours 
I I oo pce ccnd cece cena 0.00778 0.02055 73 


TREATMENT 























* The amount HCN-N recovered by hydrolysis with emulsin is taken as 100% of 
that present in the aliquot, although the actual recovery from ¢.p. amygdalin was 
99.89%. 

t This figure does not include any of the nitrogen added by emulsin. 


DETERMINATION BY ENZYMATIC HYDROLYSIS.—WILLAMAN (26), after 
obtaining unusually low yields of hydrocyanie acid from amygdalin by 
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means of hydrolysis with 5 per cent. sulphuric acid, abandoned this pro- 
cedure for the analysis of plant tissues. He therefore chose emulsin as an 
hydrolytic agent and recovered as much as 98.5 per cent. of the theoretical 
amount of cyanide nitrogen present in samples of amygdalin when the 
enzyme was allowed to operate over a period of 24 hours. 

In the more recent work of Ropinson (14), the cyanogenetic glucosides 
in Prunus laurocerasus, as well as in Andropogon sorghum, were hydrolyzed 
by emulsin and the hydrocyanie acid formed was removed by aspiration 
for 3 hours and collected in 5 per cent. sodium hydroxide. This method 
has the advantage of being much more rapid than that used by WILLAMAN, 
since the removal of hydrocyanie acid favors a more complete hydrolysis 
of the glucoside. This may be anticipated from the work of Auup (2), who 
has shown that the hydrolysis of amygdalin by emulsin may not go to com- 
pletion in the presence of the hydrolytic products. Kriesie (8) has shown 
also that emulsin has synthetic properties in the presence of hydrocyanic 
acid and benzaldehyde. 

It is of interest to note that none of the investigators studying cyano- 
genesis in plants recognized any need for adjusting the solution containing 
the glucoside to a reaction favorable to the hydrolytic activity of emulsin. 
Although this enzyme is active over a fairly wide range of pH values, its 
optimum range is comparatively narrow. VULQUIN (23) found that regard- 
less of the agents used to adjust the reaction of the solution, and regardless 
of the quality of the emulsin used, the maximum cleavage of amygdalin 
occurs when the hydrogen ion concentration is between pH 5.2 and 5.7. 
WILLSTATTER and Csanyr (27) concluded that a reaction between pH 5.0 
and 6.5 is favorable to the hydrolysis of amygdalin by emulsin, and that 
the optimum reaction is approximately pH 6. 

Inasmuch as the reaction of extracts of peach tissue prepared as de- 
scribed previously was usually about pH 4.6 to 4.7, it was considered 
advisable to determine the reaction at which such extracts yield the maxi- 
mum amounts of hydrocyanie acid when hydrolyzed with emulsin. For 
this purpose a 1-liter extract was prepared from 50 gm. of peach stems 
(var. Cumberland), and duplicate 100-ce. aliquots of this were adjusted 
to the reactions shown in table II. The amounts of cyanogenetie nitrogen 
present were then determined by the method recommended by Ror (15). 
Thus 0.05% gm. of emulsin was added to each aliquot contained in a 300-ce. 
Florence flask, which was then closed by inserting a rubber stopper con- 
taining aspiration tubes sealed by clamps placed on the rubber connections. 


3In later analyses, 0.02 gm. of emulsin was found adequate for such extracts. 
Since some preparations of emulsin have a high content of nitrogen, a known amount 
of the enzyme should always be added and an excess avoided when the extract is to be 
partitioned for the determination of other nitrogen fractions. 
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The aliquots were warmed to 40°—50° C. for 15 to 30 minutes, after which 
each flask was connected to a correspondingly numbered flask containing 
100 ec. of 5 per cent. sodium hydroxide. The flasks were arranged in a 
series and a strong current of air was drawn through them for 4 hours. 
The cyanide collected in the sodium hydroxide fiasks was titrated with 
N/100 silver nitrate, using 10 drops of 10 per cent. potassium iodide as an 
indicator. At the end of the period of aspiration the reactions of the various 
aliquots were determined again and were found to have changed in all but 
one instance. This change was due probably to the fact that the initial pH 
readings were taken before equilibrium in the extract had been established. 

The amounts of cyanogenetic nitrogen obtained from the various aliquots 
during this experiment are shown ir tabledI. The maximum recovery, that 
at pH 5.7, is expressed as 100 per cent. for comparison with the recovery at 
other reactions. That the amount recovered at pH 5.7 may be very close 
to 100 per cent. of the cyanogenetic nitrogen present in the extract is indi- 
cated by the fact, as shown in table I, that 99.89 per cent. of the nitrogen 
present in aliquots of a 1 per cent. solution of amygdalin adjusted to this 
reaction was recovered under similar conditions. 


TABLE II 
COMPARISON OF EFFECTS OF HYDROGEN ION CONCENTRATION OF EXTRACT UPON AMOUNTS OF 
CYANOGENETIC NITROGEN RECOVERED FROM PEACH STEMS 








CYANOGENETIC NITROGEN RECOVERED 





INITIAL PH FINAL PH 


GRAMS PER 50 | PERCENTAGE 


GM. OF TISSUE 


gm. | %o 
| 


RECOVERY 








5.0 | : | 0.02381 95.9 
5.0 4 0.02381 95.9 
5.5 ; 0.02410 97.1 
5.5 . 0.02410 97.1 
6.0 : 0.02497 100.0 
6.0 : 0.02468 

6.5 i 0.02410 97.1 
6.5 ‘ | 0.02381 95.9 
7.0 . 0.02265 | 87.2 





























7.0 ' | 0.02322 93.5 








Another experiment similar to the one just described was carried out 
using a 1-liter extract prepared from 50 gm. of stem tissue taken from a 
different tree (P. kansuensis x P. persica hybrid). One hundred ee. aliquots 
of this extract were adjusted to reactions ranging from pH 4.0 to 7.0, as 
shown in table III. After standing for 4 hours the reactions showed a 
change of from 0.1 to 0.5 of a pH unit. The solutions were readjusted to 
the desired reactions, therefore, 0.05 gm. of emulsin added to each, and the 
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eyanogenetie nitrogen determined as in the preceding experiment. Sub- 
sequent changes in the reactions of the solutions were very slight. The 
amounts of cyanogenetic nitrogen found are presented in table III, where 
the maximum recovery is expressed as 100 per cent. for comparative pur- 
poses. 

TABLE III 


COMPARISON OF EFFECTS OF HYDROGEN ION CONCENTRATION OF EXTRACT UPON AMOUNTS OF 
CYANOGENETIC NITROGEN RECOVERED FROM PEACH STEMS 








CYANOGENETIC NITROGEN RECOVERED 





| GRAMS PER 50 GM. OF TISSUE | PERCENTAGE RECOVERY 





gm. %o 
0.02621 63.8 
0.03717 90.5 
0.03891 94.7 
0.04109 100.0 
0.04029 98.1 
0.03731 90.8 
0.01713 41.7 








From these two experiments it is apparent that the optimum reaction 
for the enzymatic hydrolysis of the cyanogenetic glucosides in an extract 
of peach tissue is approximately pH 5.5 to 5.7. It is apparent also that a 
reaction between pH 5.5 and 6.0 is satisfactory for most analytical pur- 
poses. This range of hydrogen ion concentrations is in good agreement with 
those found by Vunquin (23) and by WitustArrer and Csanyr (27) for 
enzymatic hydrolysis of amygdalin. 

In this connection it is of interest to note that the reaction of an extract 
of peach stems prepared without the addition of any acid was found to be 
approximately pH 5.3. Such a reaction, of course, is too low for the maxi- 
mum recovery of the cyanogenetic nitrogen present. This does not mean, 
however, that the emulsin naturally present in peach tissues functions at 
pH 5.3. Cells in the phloem of the peach range in reaction from pH 5.4 
to approximately pH 6.5, whereas most of the cells in the xylem have re- 
actions ranging from pH 4.2 to 4.4. The extract of peach stems just de- 
scribed represents a composite sample of the soluble constituents of all 
tissues present, and its reaction should therefore be intermediate between 
the highest and the lowest reactions found in the cells. 

It is apparent, therefore, that for the complete recovery of the cyano- 
genetic nitrogen from extracts of peach tissue, as well as from solutions 
of amygdalin, an enzymatic hydrolysis should be employed. It is evident 
also that this hydrolysis should be conducted at a reaction between pH 5.5 
and 6.0, and that the hydrocyanic acid formed should be removed rapidly. 
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AMMONIUM NITROGEN 


Rosinson (14) displaced ammonia from extracts of P. laurocerasus with 
a saturated solution of borax during distillation in vacuo at 60° C., after 
the method of Watcnorn and Hotmes (24). Since it has been shown (16, 
19) that when 0.5 per cent. sodium hydroxide was substituted for a satu- 
rated solution of sodium carbonate in the method of Sessions and SHIVE 
(16), slightly but consistently larger amounts of ammonia were recovered 
from plant extracts, it was anticipated that the use of borax would not 
displace all of the ammonium nitrogen present in peach extracts. TIEDJENS 
(18) found that the amount of ammonium nitrogen recovered by aspiration 
with 0.5 per cent. sodium hydroxide corresponded to the amount recovered 
by electrodialysis. 

Aliquots of a peach stem extract were analyzed for ammonium nitrogen, 
both by the method of WatcHorn and Houmes and by the method of 
SEssions and SHIvE, using 0.65 per cent. sodium hydroxide.* 

When the results of the two methods were compared (table IV), the 
difference in the amounts of ammonium nitrogen recovered was far greater 
than was expected. It was obvious that some form of nitrogen, not nor- 
mally present as ammonium, was being liberated by the treatment with 
dilute sodium hydroxide but not by the treatment with borax. 


TABLE IV 


COMPARISON OF AMOUNTS OF AMMONIUM NITROGEN RECOVERED FROM PEACH STEM EXTRACTS 
IN THE PRESENCE OF CYANOGENETIC NITROGEN AND FERROUS SULPHATE 








FROM 50 GM. OF 
TISSUE 


TREATMENT 





| N NITROGEN RECOVERED 
| 
| 


gm. 
. Aspirated with 0.65% NaOH in presence of cyanogenetic 
nitrogen ............... 1 0.0363 
. Aspirated with 0.65% } NaOH ‘after senevel a eyanoge- 
netic nitrogen ................ 0.0064 
Distilled in vacuo with a enbennte’ pilin of borax in 
presence of cyanogenetic nitrogen .......... 0.0024 
Distilled in vacuo with a saturated solution of borax after 
removal of cyanogenetic nitrogen ................ 0.0023 
Aspirated with 0.65% NaOH in presence of ¢ cy renequeatie 
nitrogen plus 5 mg. of FeSO, -7H.,0O ....... 0.0200 
Aspirated with 0.65% NaOH in presence of cy anogenetic | 
nitrogen plus 500 mg. of FeSO,-7H,O 0.0076 


| 
| 





4In preliminary work it was found that 0.65 per cent. sodium hydroxide displaced 
very consistent amounts of ammonia from peach extracts, whereas the use of 0.5 per 
cent. sodium hydroxide did not always give good agreement among duplicates. 
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In order to obtain further information regarding this point, the aliquots 
used were made neutral to litmus, adjusted to a reaction between pH 5.5 
and 6.0, and the amount of cyanogenetic nitrogen present determined. No 
eyanogenetic nitrogen was liberated after the treatment with dilute sodium 
hydroxide, and only 68 per cent. of the amount previously found to be 
present was recovered from aliquots treated with borax. Moreover, the 
data shown in table V indicate that the increase in the amount of nitrogen 
recovered during aspiration with 0.65 per cent. sodium hydroxide does not 
account for all of the cyanogenetic nitrogen present in the extract. The 
results show also that both of the methods used for the determination of am- 
monium nitrogen in the presence of cyanogenetic nitrogen either caused a 
loss of the same amount of the latter, or caused the same amount of the 
glucoside to be affected in such a manner that it was stable toward emulsin. 

As a means of studying the behavior of the cyanogenetic glucoside at 
room temperatures, solutions of amygdalin were aspirated with different 
concentrations of alkali and were found to liberate varying amounts of the 
nitrogen present. The results showed that the nitrogen in amygdalin may 
be wholly or partially converted to ammonia during hydrolysis with 0.65 
per cent. sodium hydroxide at room temperatures. It was noticed, however, 
that the first one or two flasks in a series (those nearest to the suction 
pump) always liberated more ammonia than did any of the others. The 


TABLE V 


SUMMARY OF FACTORS AFFECTING RECOVERY OF CYANOGENETIC NITROGEN FROM 
PEACH STEM EXTRACTS 








GRAMS IN 50 GM. 


EATMENT 
Taea’ OF STEMS 





gm. 
. Cyanogenetic nitrogen recovered from initial aliquots by 

hydrolysis with emulsin .. 0.0482 
. Cyanogenetic nitrogen recovered by aspiration with 0.65% 

NaOH 0.0299 
. Cyanogenetiec nitrogen recovered after hydrolysis of (2) 

by emulsin 0.0000 
. Cyanogenetic nitrogen tied up during aspiration with 

0.65% NaOH 0.0153 
. Cyanogenetice nitrogen recovered by hydrolysis with wank 

sin following displacement of ammonia by borax .......... 0.0330 
. Cyanogenetic nitrogen tied up during displacement of 

UD: ae een reel NS year rm vere Rene SEE 0.0152 
. Nitrogen in addition to that from amides recovered after 

hydrolysis of (3) with 5% H.SO, for 2.5 hours (emul- 

sin blank deducted) 
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erratic results thus obtained with amygdalin were not typical of the 
behavior of peach extracts during similar treatment. 

The failure to obtain complete recovery of cyanogenetic nitrogen follow- 
ing ammonia determinations suggested that ferro- or ferricyanides might 
be formed by a reaction between the soluble iron compounds present and 
any cyanide liberated from the glucoside in an alkaline solution. The nitro- 
gen involved in such a reaction would of course be combined in an undis- 
sociated complex, from which it could be recovered neither by alkaline nor 
by enzymatic hydrolysis. The presence of such compounds in peach ex- 
tracts, however, could not be established definitely. Nevertheless, the addi- 
tion of ferrous sulphate to an extract before aspiration with 0.65 per cent. 
sodium hydroxide always resulted in the recovery of less nitrogen than was 
obtained by similar treatment without the addition of the iron salt. In 
table IV it will be observed that, when 500 mg. of ferrous sulphate were 
added to an extract, the amount of nitrogen recovered corresponded closely 
with, but was somewhat higher than, the amount of ammonium nitrogen 
found in the extract, indicating that practically all of the cyanogenetic 
nitrogen was combined in some way with the iron salt. 

Referring to table V again, it is observed that the eyanogenetic nitrogen 
not recovered from a peach extract during aspiration with 0.65 per cent. 
sodium hydroxide was recovered quantitatively after hydrolysis by boiling 
for 2.5 hours with 5 per cent. sulphuric acid. This demonstrated that no 
eyanogenetie nitrogen was lost during ammonia determinations, and showed 
that it was not combined as an iron cyanide complex, since the latter during 
hydrolysis with dilute sulphuric acid should form hydrocyanie acid instead 
of an ammonium salt. 

It is apparent, therefore, that ammonium nitrogen in peach extracts 
should be determined by aspiration with sodium hydroxide only after the 
removal of cyanogenetic nitrogen. Also, since the use of 0.65 per cent. 
sodium hydroxide permits a more nearly complete displacement of ammo- 
nium nitrogen from the extracts, it is preferable to either borax or sodium 
carbonate for this purpose, especially since the addition of these substances 
produces a high salt concentration which often interferes with aliquoting 
for amino nitrogen. 

TOTAL SOLUBLE NITROGEN 


Following the removal of cyanogenetic and ammonium nitrogen, the ali- 
quots in which these fractions were determined were neutralized, made 
faintly acid by the addition of a drop of acetic acid, and then evaporated to 
dryness. The amount of nitrogen remaining in the aliquots was estimated 
by Kjeldahlization as modified to include nitrates. The sum of cyanoge- 
netic, ammonium, and Kjeldahl values gave the amount of total soluble 
nitrogen present. 
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AMIDE NITROGEN 


It was shown in table I that, when a peach extract was hydrolyzed with 
5 per cent. sulphuric acid for 2.5 hours, the procedure usually employed in 
the determination of amides, only about 75 per cent. of the cyanogenetic 
nitrogen present was liberated as hydrocyanic acid. In table V it was 
shown that, when the cyanogenetic nitrogen was not removed completely 
before the amide hydrolysis, the values obtained for the latter fraction were 
high. It is apparent, therefore, that the cyanogenetic nitrogen should be 
removed before amide nitrogen is determined. 

Since emulsin contains a high percentage of nitrogen, it was realized 
that either this substance must be removed after the hydrolysis of the gluco- 
side, or the amounts of nitrogen added by it to the amide, basic, amino, 
total soluble, etc., fractions must be determined. When, however, attempts 
were made to precipitate emulsin and to filter it from extracts, its complete 
removal was never satisfactorily accomplished. Roprnson (14) likewise 
reported inability to remove by precipitation the nitrogen added by 
emulsin. 

In order to determine how the addition of emulsin to a peach extract 
would affect the various nitrogenous fractions studied, duplicate 0.0500-gm. 
samples of the enzyme were subjected to precisely the same procedure as 
were those used in the analysis of the extracts. The results presented in 
table VI show that the amounts of emulsin ordinarily added to an extract 


increase appreciably only the total soluble, amide, total amino, and basic 
nitrogen fractions. Hence it is obvious that, when the nitrogenous compo- 
sition of the emulsin preparation is known and when carefully weighed 
amounts of the latter are used, the nitrogen thus added to the above frac- 
tions of the extract may be deducted. 

During the present study the extent to which the nitrogenous composi- 
tion of different preparations of emulsin may vary was not investigated, 


TABLE VI 


DISTRIBUTION OF NITROGEN IN 0.0500 GM. SAMPLES OF EMULSIN USED IN HYDROLYSIS 








FRACTION AMOUNT OF NITROGEN FOUND 





gm. % 
Total N 0.00559 
Cyanogenetic N None 
Ammonium N 0.00006 
0.00099 
Humin N None 
Total amino N 0.00112 
Mono amino N ; 0.00008 
Basic N 0.00168 
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since material from only a single preparation was used. Nevertheless it 
may be anticipated from the studies of WimusTATTeR and OPPENHEIMER 
(28) that different preparations of emulsin might vary in their composi- 
tion. 

The following method was therefore adopted for the estimation of amide 
nitrogen in peach extracts: After the removal of two 100-ce. aliquots used 
for eyanogenetic, ammonium, and total soluble nitrogen determinations, the 
remaining 800 ce. of a 1-liter extract were evaporated to 200 ec. and divided 
into two equal portions. Since the remaining soluble nitrogen fractions in 
the extract were present only in very small amounts, their estimation in 
concentrated aliquots avoided the use of an unnecessarily large aliquot fac- 
tor. Cyanogenetic nitrogen was then removed from each of these aliquots 
as described previously. Sulphurie acid sufficient to give a concentration 
of 5 per cent. was added and the amide nitrogen present was hydrolyzed to 
ammonium nitrogen by boiling under condensers for 2.5 hours. The ali- 
quots were then neutralized and the total ammonium nitrogen present 
determined by aspiration with 0.65 per cent. sodium hydroxide. The in- 
crease in nitrogen recovered over that found previously in the ammonia was 
amide nitrogen. 

HUMIN NITROGEN 

Following the removal of amide nitrogen, the aliquots were neutralized 
and the acid insoluble humin precipitate formed during the amide hydroly- 
sis was filtered off. The precipitate was washed thoroughly with hot dis- 
tilled water, dried, and Kjeldahlized. The nitrogen found in this precipi- 
tate is referred to as humin nitrogen. 


NITRATE NITROGEN 

Nitrate nitrogen was determined by the method of Sessions and SHIVE 
(16) on aliquots free of cyanogenetic nitrogen. Since 0.65 per cent. sodium 
hydroxide was used for the reduction with Devarda’s alloy and for the sub- 
sequent displacement of ammonia, cyanogenetic nitrogen, if present, would 
be converted partially to ammonia and would therefore give high values for 
the nitrate fraction. 

Accordingly this fraction was sometimes estimated in the same aliquots 
in which the ammonium nitrogen had been determined, but the presence of 
Devarda’s alloy often made it inconvenient to use these samples for the 
Kjeldahlization of the remaining soluble nitrogen. It was found very con- 
venient, however, to estimate nitrates in 25 ce. of the filtrate from the humin 
precipitate after it had been made to a volume of 100 ce. 


BASIC NITROGEN 


The phosphotungstic acid method of OsBorne and Harris (11) was 
employed to precipitate the basic nitrogen present in 50-ce. aliquots of the 
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filtrate from the humin precipitate. The basic precipitate was not washed 
with a dilute solution of the precipitating reagent, since it was found that 
such treatment often dissolved some of the precipitate and caused poor 
agreement between duplicates. The aliquots were filtered through small 
sized filter paper and the precipitates allowed to drain overnight. Inas- 
much as the filtrate contained only a very low percentage of nitrogen, the 
amount of non-basic nitrogen retained in the precipitate by this method of 
handling was slight. 


AMINO NITROGEN 


Amino nitrogen was always estimated by the Van Slyke method on 10- 
ee. portions of the filtrate from the humin precipitate, and on similar por- 
tions of the filtrate from the basie precipitate. With the exception of 
extracts prepared from young, actively growing trees, the amounts of amino 
nitrogen found in peach extracts of the concentrations used in this study 
were very small. Because of this, a gas burette from a micro-Van Slyke 
apparatus was fitted on a macro-apparatus in order to permit the more accu- 
rate reading of the gas evolved. 


TOTAL NITROGEN 


It was anticipated from the work of RanKer (13) that the Kjeldahl 
method, modified to include nitrates, would not recover all of the nitrogen 


present when determinations were made on green tissue containing nitrates. 
Strowp (17) has shown also that appreciable amounts of nitrates are recov- 
ered by Kjeldahl determinations even without the addition of reducing 
agents. Hence it seemed inadvisable to use the ordinary Kjeldahl method 
without the modification to include nitrates, and then to add to the amount 
of nitrogen recovered any nitrate nitrogen found by separate determina- 
tions to be present. It is evident that, for the accurate recovery of total 
nitrogen in the presence of nitrates, only dried plant material should be 
used ; nevertheless the work of Roprnson (14) indicates that a loss of nitro- 
gen as hydrocyanic acid may take place during the drying of peach tissue. 

In accordance with these considerations, different lots of peach tissue, 
some containing nitrates and some free of nitrates, were analyzed for total 
nitrogen by the use of a sulphuric-salicylic acid mixture and zine to fix and 
reduce nitrates. Samples consisting of 8 gm. of green tissue were weighed 
rapidly but carefully in triplicate, and covered immediately with the 
sulphurie-salicylic acid mixture. Other aliquots of the same tissues were 
placed in an oven operated at 103° to 105° C. for one-half hour, after which 
the temperature was lowered to 65°-70° C. until the material was dry. 
These dried samples were ground in a drug mill, heated to 70° C. for one 
hour, and then cooled in a desiccator. Total nitrogen determinations were 
run on 1-gm. portions of the dried material, using the same procedure as 
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that used on the green tissue. A comparison of the results is shown in 
table VII. 


TABLE VII 
CoMPARISON OF QUANTITIES OF TOTAL NITROGEN, EXPRESSED AS PERCENTAGE OF DRY WEIGHT, 
RECOVERED BY KJELDAHL DETERMINATIONS ON GREEN AND DRY TISSUE, 
WITH AND WITHOUT THE PRESENCE OF NITRATES 








PECENTAGE OF 
tN RECOV- Bt ROG v- 
NETRATS-NITROGEN NITROGEN RECOV NITROGEN RECOV 


TISSUES USED ERED FROM GREEN ERED FROM DRY 
ENT IN 
SRS OW SRE TISSUE TISSUE 


TISSUE 


%o To Jo 
0.000 1.695 1.718 
0.000 1.498 1.524 
0.000 1.260 1.267 
0.041 1.182 1.281 
0.000 4.026 3.931 
0.023 3.750 3.694 
0.944 3.311 3.675 
2.518 3.439 3.974 

















It is obvious that peach tissue loses little if any of its nitrogen during 
the drying process. There is some indication of a slight loss of nitrogen 
from root tissue while drying, but there is no evidence of any loss occurring 
from stem tissue during similar treatment. The tender, white, non-woody 
portions of the peach roots used in these analyses contained considerably 
more of the cyanogenetic glucoside on a dry weight basis than did the stems. 
At the same time it is possible that the glucoside contained in peach roots 
is less stable than that found in the stems. WiiAMANn (26) believes that 
sorghum does not contain all of its eyanogenetie nitrogen in the form of 
dhurrin, and that at times a part, or all, of this form of nitrogen may exist 
in some less stable compound. 

Peach roots may also contain a high percentage of nitrates, all of which 
may not be recovered by the modified Kjeldahl determination, unless the 
tissue is thoroughly dry before the sulphuric-salicylic acid mixture is added, 
and unless the digestion is conducted very slowly. 


DISTRIBUTION OF NITROGEN 


The amounts and distribution of nitrogen in peach trees vary tremen- 
dously with the conditions under which they are grown and with the activ- 
ity of the plants at the time of sampling. In order to illustrate these varia- 
tions, the percentages of the different nitrogenous fractions found in 
seedlings of Early Crawford, sampled while still growing in a greenhouse 
on November 1, are compared in table VIII with similar fractions found in 
the variety Cumberland sampled in the orchard on March 16. Although 
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no attempt has been made to ascertain the extent of varietal differences, the 
data show a wide range in the proportions of nitrogen found in the cyano- 
genetic, amide, amino, basic, and nitrate fractions. 

Nitrates, for example, are not usually found in stems and leaves of peach 
trees grown in orchards in New Jersey, but they are sometimes present in 
small amounts in the tops of trees grown in sand cultures and supplied with 
nutrient solutions having high reactions and containing an abundance of 
this form of nitrogen. As shown in table VIII, the small non-woody roots 
of peach trees grown in sand cultures may contain considerably more 
nitrate than soluble organic nitrogen. When grown under orchard condi- 
tions, however, such roots seldom contain much nitrate nitrogen. 

It is apparent that peach trees may exhibit wide differences in the dis- 
tribution of their nitrogen. This is probably true for all plants. The sig- 
nificance of such differences in the peach cannot be considered here but will 
be dealt with in another publication. 


Summary 


1. No hydroeyanic acid was liberated when dormant or slowly growing 
peach stems were minced rapidly and boiled according to the method recom- 
mended by Rosinson (14). With the same method of treatment the termi- 
nal portions of moderately or rapidly growing peach stems liberated very 
small to very appreciable quantities of hydrocyanie acid. 

2. The optimum reaction for the enzymatic hydrolysis of the cyanoge- 
netic glucosides in extracts of peach tissues is approximately pH 5.5 to 5.7. 
A reaction between pH 5.5 and 6.0 is satisfactory for most analytical 
purposes. 

3. The cyanogenetic nitrogen present in peach extracts never was com- 
pletely liberated during hydrolysis by boiling with various concentrations 
of sulphurie acid for different lengths of time. 

4. During aspiration with 0.65 per cent. sodium hydroxide in the deter- 
mination of ammonium nitrogen by the method of Sessions and Surve (16), 
eyanogenetic nitrogen may be more or less completely hydrolyzed to ammo- 
nium nitrogen. Because of this it was found necessary to remove cyano- 
genetic nitrogen as a first step in the analytical procedure in order to avoid 
inaccuracies in the determination of ammonium and amide nitrogen. 

5. The addition of a soluble iron salt to a peach extract was found to 
prevent almost completely the hydrolysis of eyanogenetie nitrogen to ammo- 
nium nitrogen in an alkaline solution. 

6. Considerably more ammonium nitrogen may be recovered from ex- 
tracts of peach tissues by aspiration with 0.65 per cent. sodium hydroxide 
at room temperatures by the method of Sessions and Surve than by distil- 
lation in vacuo at 60° C. with a saturated solution of borax according to the 
method of WatcHorN and HoLMEs. 
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7. When precautions were taken to destroy quickly the emulsin present 
in green peach tissues, no loss of nitrogen occurred during the drying of 
stem material. Under similar conditions of drying, root material lost a 
slight but not appreciable amount of nitrogen. 


Grateful acknowledgment is hereby extended to Dr. G. T. NIGHTINGALE 
and to Dr. W. C. Russeuu for many valuable suggestions offered during the 
progress of this work. 
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CARBON DIOXIDE BALANCE AT HIGH LIGHT INTENSITIES 
ELMER S. MILLER AnD G. O. BURR 
(WITH TWELVE FIGURES) 


Introduction 


In this first paper of a proposed series, it is shown that at a high light 
intensity all plants studied reached the same limiting CO, concentration 
and maintained this level for many hours of continuous illumination. Ten 
species of widely different types of leafy plants have been used, and at low 
temperatures these behaved alike. It appears, therefore, that there is an 
extremely narrow range of CO, concentration which so greatly limits the 
rate of photosynthesis that differences in rates of respiration and other 
internal factors have little effect on this point of balance between respired 
and assimilated CO,. 

Over a wide range this CO, balance is independent of temperature. At 
very high temperatures (36° C.), however, some species no longer main- 
tain the usual CO, balance, but reach a much higher value (figs. 6,8). This 
is especially emphasized here because of its relation to the abnormal photo- 
synthetic behavior of plants reported recently by KostyTscHEW and co- 
workers (8, 9). 


Apparatus 


Although much work has been done with land plants or single leaves, 
many workers in recent years have turned to the submerged plant because 
of the ease with which its conditions can be controlled. It is true that in 
photosynthetic work with high light intensities, leaves or whole plants are 
subjected to abnormal conditions when inclosed in a glass vessel through 
which a very slow stream of air is drawn. This makes for abnormally high 
internal temperatures and humidities because of restricted air cooling and 
evaporation. 

The important feature of the apparatus used for this work is the closed 
system which permits a continuous and vigorous cireulation of air about the 
plant (fig. 1). This makes possible an easy control of the humidity, tem- 
perature, and evaporating power of the air. The leaves may be raised to a 
high temperature while the roots are kept cool, thus maintaining the plant 
in an environment which is not unusual. The simple apparatus pictured in 
figure 1 makes possible a wide range of temperature and humidity. The air 
temperature can easily be held constant to within + 1° C. over a period of 
12 hours or more without attention. In this work the temperature has 
been varied from 4° to 37° C. and there is no reason why a still wider 
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range cannot be just as easily attained. Atmometer readings and transpira- 
tion records indicate that the evaporating power of the air has been kept 
fairly high. The only means of lowering humidity in these experiments has 
been the condensation of water in the cooled parts of the apparatus. <A 
further reduction of humidity can be accomplished by the insertion of a 
drying agent in the circulating air stream. Work along this line is being 
undertaken. 
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Fic. 1. Photosynthesis chamber and connections. 


The plant chamber (fig. 1 @) is constructed of tinned copper. This 
permits ready temperature control in conjunction with the copper tubes 
immersed in the ice bath (P). The pump circulates 10—12 liters of air per 
minute. 


Method of analysis 


The carbon and oxygen were determined with the HALDANE-CARPENTER 
(4) apparatus. All analyses were made in a sub-basement where the ex- 
periments were conducted, a place that is only slightly affected by outdoor 
temperature fluctuations. After preliminary and outside air analyses had 
been made to check the apparatus, the sample was drawn directly from the 
chamber through a capillary tube. After washing back and forth five 
times the sample was taken. Employing this technique, two duplicate de- 
terminations can be made to check within the experimental error involved 
in the manipulation of the machine. After each set of analyses, the eapil- 
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lary tube was opened to the room air for approximately one second to 
permit an equilibrium with the gases in the plant chamber. Each analysis 
requires 40 ec. of air; therefore 40 cc. of outside air containing approxi- 
mately 0.013 ec. of CO, were introduced after each analysis. This is 
negligible. 

In this apparatus with a total volume of 8.33 liters for plant chamber, 
coils, and pump, a gain or loss of 1 ee. of either carbon dioxide or oxygen 
causes a 0.012 per cent. change in the concentration of the respective gases. 
For carbon dioxide, the HALDANE-CARPENTER apparatus has an accuracy 
of + 0.001 per cent. or + 0.085 ec. of this gas taken up or given off by the 
plant. For oxygen it has about one-third this accuracy. 

In some tests on rates of respiration (experiments 107, 111, and 112, 
table II), only 13 to 20 mg. of carbon dioxide were evolved; therefore the 
maximum carbon dioxide error is 2.3 per cent. in studies of these respira- 
tory rates. The percentage error can be greatly reduced by continuing the 
experiment over a longer period. 


Material 


For this investigation, potted greenhouse plants of a size that would 
conveniently fit into the plant chamber were used. The types of plants 
used were one hydrophyte, seven mesophytes, and two xerophytes. The 
purpose of using such a variety was to ascertain whether plants with leaves 
of different thicknesses and characteristic of different habitats responded to 
conditions in a similar manner. The plants were brought from the green- 
house to the laboratory two hours preceding the experiment. During this 
period the plants were kept in almost total darkness and at a temperature 
of approximately 20° C. At the beginning of the experiment, the plants 
were watered with 30 ec. of water. At the end of each experiment the 
widths and the lengths of the leaves were measured. From these data from 
a special set of graphs designed for each species the respective leaf areas 
were calculated. 

Before the use of potted plants was decided upon, a number of experi- 
ments were conducted on cut Pelargonium stems with adventitious roots 4 
to 9 em. long. These plants were kept in a Shive’s nutrient solution (one- 
third usual concentration). Particular pains were taken to note the tem- 
perature of this culture solution at the end of each experiment, and in no 
case did it exceed 18° C. when the air about the leaves was 35°-37°. 
Hence even at the higher temperature one was sure that the roots did not 
suffer from overheating. 

When these experiments at 4°-6° and 35°-37° C. were completed, potted 
Pelargonium plants were used and it was found that the curves for the 
latter were similar to those obtained on the cut stems. It was therefore 
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concluded that the soil bacteria and the plant roots themselves introduced 
no appreciable error. It was felt that for metabolism studies extending 
over many hours, potted plants rather than cut stems would give results 
more characteristic of the species in its native habitat. 


Procedure for CO, steady states 


The level and temperature of the water were adjusted according to pre- 
vious experience to give the desired temperature about the leaves. The air 
in the room was renewed with a large ventilator so that the CO, content was 
less than 0.035 per cent., and the apparatus was filled with this air by run- 
ning the pump with the chamber lid off. The plant to be studied was then 
put inside, the chamber closed, the pump started, and the air brought to 
temperature while the plant was in darkness. The first air sample was 
drawn for analysis and the light turned on. Since the apparatus was being 
used as a closed system, rise or fall in percentage of CO, and O, was a 
measure of rate of gas exchange, volume being known (0.012 per cent. 
change =1 ce. gas). 

In experiments 1-10 inclusive the light from a 1000-watt mazda lamp 
was filtered through 5 em. of water. The intensity inside the plant cham- 
ber was 2050 foot candles (measured with a MacBeth illuminometer). All 
plants chosen had their leaves spread in a horizontal plane so that they did 
not shade each other appreciably, and they were approximately the same 
distance from the light. Each curve shown in figures 2-11 came from a 
different individual plant. Experiments la, 1b, lg, and 1h were conducted 
with the cut Pelargonium; the others with potted plants. 

Duplicate analyses were usually made for each point on the curves. 
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Fic. 2. Effect of temperature on CO, exchange of cut stems of Pelargonium hor- 
torum Bailey. Light intensity = 2050 f.c. 
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Results 


The leaf area, transpiration, and atmometer values for the 34 plants used 
in experiments 1-10 are given in table I. 

Figures 2-12 show the course of CO, exchange following exposure of the 
plants to 2050 f.c. light intensity. Every plant at some temperature quickly 
reduces the CO, concentration in the chamber to 0.01 volume per cent., a 
level which is maintained over long periods of time (24 hours or more). No 


TABLE I 
AMOUNTS OF EVAPORATION AND TRANSPIRATION OF THE PLANTS USED IN EXPERIMENTS 1A 
TO 10B INCLUSIVE AT DIFFERENT TEMPERATURES 





TRANSPIRA- 
TION/100 cM.? 
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Pelargonium hortorum 





| 23.0 | 388 
| 280 | 260 ie 
| 26.0 356 64.80 
| 26.0 237 63.52 
32.0 202 14.16 
32.0 253 13.60 
32.0 406 
32.0 348 
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Coleus blumei var. verschaff eltii 





33.0 21.25 347 14.40 
59.5 23.0 321 16.20 














Bryophyllum pinnatum 





15.8 146 17.76 

56.0 20.8 272 20.16 
7.5 24.0 170 12.48 
8.7 25.0 222 12.96 








Eichhornia crassipes 





65.3 182 
38.0 161 
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TABLE I (Continued) 





TRANSPIRA- 
EVAPORA- . ” 


EXPERI- TEMPERA- ieee | DuRA- | LEAF TION/100 cm? 


MENT 


TION FROM 
NO TURE RATION TION 


ARE LEAF AREA/2 
- ATMOMETER * [24 


HOURS 





*¢. gm. hrs. | em.” gm. gm. 





Crassulaceae sp.* 








234 
295 
24.0 234 
24.0 295 








Primula auricula 





24.0 | 567 | 
23.5 | 530 | 





Saxifraga sarmentosa 





21.5 574 29.20 
22.0 386 32.0 





Zebrina pendula 





29.2 23.0 | 297 
40.0 23.0 548 
22.0 22.0 297 
24.2 23.5 548 


Begonia tuberhybrida 














22.5 





10a 54.5 | 22.5 | 199 | ae | 29.21 


10b 48.5 613 


8.44 


* It is regretted that, since no fruits of this plant were available, the taxonomists at 
Minnesota were unable to identify it further for us. 


CO, is being introduced into the chamber from the outside; it is a closed 
system in which a horizontal curve indicates that CO, respired equals CO, 
assimilated. The slope of a rising curve gives the rate of respiration in 
excess of photosynthesis and of a falling curve the excess photosynthesis. 

The advantage of studying CO, balance rather than rates of CO, assimi- 
lation is forcibly shown by an examination of the curves in figures 2-12. 
The assimilation rates, as shown by the downward slopes of the curves after 
the start of the experiment, vary considerably among individuals of the 
same species and among species. When the total CO, assimilated per hour 
is divided by the leaf area (table I), values ranging from 0.42 to 1.32 ee. 
CO.,/100 em.?/hr. are found. Yet these plants all come to the same point 
of balance. 
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Fic. 3. Effects of temperature on CO, exchange of potted Pelargonium plants. 
Light intensity = 2050 f.c. 


The reason for this irregularity in rate of assimilation seems clear. 
Rate is dependent partly upon CO, diffusion from air to chloroplast which 
in turn is regulated by stomal numbers and degree of opening, arrangement 
of cells and air spaces within the leaf, viscosity of solution within the cell, 
arrangement of chloroplasts, and other internal factors. Maske (11) has 
given a detailed discussion of internal resistances. 

The following points are of special interest : 

1. The curves break fairly sharply as 0.010 per cent. CO, is approached. 

2. The limiting percentage of CO, is independent of temperature pro- 
vided the temperature is not high enough to cause abnormal metabolism 


(fig. 6). 
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Fic. 4. Effect of temperature on CO, exchange of Tolmica menziesii T.& G. Light 
intensity = 2050 f.c. 
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Fig. 5. Effect of temperature on CO, exchange of Coleus blumei Benth. var. ver- 
schaffeltii Lem. Light intensity = 2050 f.c. 
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3. The limiting percentage of CO, is independent of leaf properties 
(thickness, chlorophyll content, sap constants). 
120 
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Fig. 6. Effect of temperature on CO, exchange of Bryophyllum pinnatum Kurz. 
Light intensity = 2050 f.c. 
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Per Cent Carbon Dioxide in Chamber 
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Hours 
Fie. 7. Effect of temperature on CO, exchange of ZHichhornia crassipes Solms. 
Light intensity = 2050 f.c. 


4. Balance in CO, exchange does not necessitate a balance in O, 
exchange. 

5. Plants may be segregated into definite groups according to their 
behavior at high temperatures. 

1. The sharp breaks of many of the rate curves as the CO, concentration 
approaches 0.01 per cent. are excellent examples of close approximation to 
BLACKMAN’s (2) diagrammatic picture of limiting factors. The available 
CO, in the closed system is quickly consumed at a high rate of apparent 
assimilation (assimilation in excess of respiration) until the region of CO, 
limitation is reached, at which apparent assimilation becomes zero (respira- 
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Fig. 8. Effect of temperature on CO, exchange of Crassulaceae sp. Light in- 


tensity = 2050 f.c. 















































Per Cent Carbon Dioxide in Chamber 


48 56 64 72 





PLANT PHYSIOLOGY 









































.0OO 





oO 12 16 20 24 28 
Hours 
Fig. 9. Effect of temperature on CO, exchange of Primula auricula L. Light 
intensity = 2050 f.c. 
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tion = photosynthesis). These findings are in almost perfect agreement 
with two of VAN DEN Honert’s (6) curves, which show that at 0.010 volume 
per cent. CO, is the chief limiting factor while at 0.015 volume per cent. it 
no longer exerts any great influence on the rate of assimilation. 

The transition zone is very narrow. It is this narrowness which may 


partially account for the apparently uniform behavior of all plants studied. 
Much of the change in slope of the rate curve may take place in a range of 
0.005 per cent. CO,. And if, after reaching 0.010 per cent. CO., we con- 
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310. Effect of temperature on CO, exchange of Sazifraga sarmentosa L, Light 
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Fic. 11. Effect of temperature on CO, exchange of Zebrina pendula Schnizl. Light 


intensity = 2050 f.c. 


sider the rate of assimilation directly proportional to CO, concentration, a 
change of 0.002 per cent. will change the rate 20 per cent. Since the mini- 
mum error of our analyses is + 0.001 per cent., it is evident that very ap- 


preciable differences might exist between the plants without our detecting 
them. 
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Fic. 12. Effect of temperature on CO, exchange of Begonia tuberhybrida Voss. 
Light intensity = 2050 f.e. 
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It is well known, however, that different plants vary widely in their ab- 
solute respiration rates. The rates for some of our plants are given in table 
II. One Primula plant respired at more than twice the rate of one Pelar- 
gonium. Yet both reach the same CO, balance. This suggests that there 
is a close relationship between ability for respiration and for assimilation, 
an idea which is not new. 

Spoenr and McGee (18) state: ‘‘It now seems highly probable that a 
solution of the problem of the internal factor in photosynthesis can 
be found in the intimate interrelation between photosynthesis and respira- 
tion’’ (p. 76). 

Warsure (22) concluded that the intermediates of respiration might be 
reutilized in photosynthesis more readily than carbon dioxide. 

Van DER Paauw (13) concluded that there is a close parallelism be- 
tween photosynthesis and respiration. Mild stimulation or retardation of 
both processes can be accomplished by KCN. This does not agree with 
earlier work of Warsura (22). Arnoup (1), however, found that ‘‘an 
unidentified unit in the mechanism of photosynthesis of Chlorella pyre- 
nodosa is rendered inactive by absorption of one quantum of ultra-violet 
light (2537 A wave length)’’ without an appreciable effect on the normal 
respiration. 

0.01 per cent. CO, does not represent the limit to which a cell may re- 
duce its CO, tension by photosynthesis. The curves here given are for 
whole potted plants with leaves of varying thickness. Cells on the lower 
side of thick leaves are in very dim light and their respired CO, must be 
utilized by the lighted cells. There is also the CO, from stem, roots, and 
soil to be taken into account. Therefore 0.01 per cent. may be considered 
the maximum value to which a whole plant can raise the CO, in a closed 
system when its leaves are in light of 2000 f.c. intensity. 

2. It has been found that the CO, balance is not altered by considerable 
changes in temperature. A plant may be kept at 5° or at 36° C. and in 
both cases reduce the CO, to 0.01 per cent. Since at this point respiration 
equals photosynthesis, the rates of both must increase equally. It is shown 
in table II that respiration rate in the dark increases about fourteen or 
fifteen times for both Primula and Begonia. These species both main- 
tain the 0.01 per cent. level of CO, at 36° as well as at 5° (figs. 9, 12). 
Assuming the same temperature coefficient for respiration in the light, we 
must conclude that the rate of photosynthesis likewise increased about 
fifteen times over this same range in temperature. As these steady states 
were maintained for more than 20 hours, it is evident that the two rates 
were always identical, for the slightest difference would soon raise or lower 
the CO, concentration a measurable amount. 
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This is further evidence that light is in excess, and that in assimilation, 
the rate determining step is not the primary process involving light absorp- 
tion but an intermediate dark reaction limited by CO, concentration. Prob- 
ably the temperature coefficient of this reaction is very close to that of 
respiration and it may be identical with it. This view is in accord with the 
recent findings of vAN DER Paauw (13, p. 564), by whom the Q,,’s for 
photosynthesis and respiration were shown to be almost identical over the 
range 10°-30° C. The experimental method employed by investigators of 
CO, balance is especially good because it eliminates much of the diffusion 
resistance and permits the comparison of photosynthesis and respiration 
in the same leaf at the same time. 

A real difficulty arises when a mechanical picture of the utilization of 
respired CO, is considered. The following diagram illustrates the relation 
between CO, and the chloroplast within the cell: 


CO, (gas) 
Om 


chloroplast cell surface 


CO, (gas) is in equilibrium with CO, (dissolved) at the surface of the cell. 
Let C, be the concentration of CO, (dissolved) at the cell surface and C, 
the concentration at the chloroplast surface. Then the rate of diffusion 
of respired CO, - tag surface protoplasm to chloroplast surface is pro- 
‘se 
L 
raised 31° the respiration in the dark increased about fifteen times. In 
order that the respired CO, at the cytoplasm surface reach the chloroplast 


Y 


portional to , where L is the distance. When the temperature was 


C,-C, ; ‘ 
— must inerease fifteen times? 


The surface concentration, C,, does not increase since there is no rise in the 
CO, (gas). If the distance, L, remain constant then the only way to 
increase the gradient would be by a drop in C,. An appreciable drop in 
CO, does not seem likely since assimilation shows the expected increase in 
rate with temperature rise. 

The simplest explanation of the utilization of the increased products 
of respiration without an increase in CO, tension seems to be that an inter- 
mediate product of respiration is reutilized before any CO, is liberated. 
This agrees with the suggestion, previously stated, that there is a very 


fifteen times as fast, the gradient 


1 VAN DEN HONERT (6) has pointed out that fall in viscosity is about equal to the 
fall in solubility of CO, with rise in temperature. Therefore, when the diffusion of 
CO, is the chief limiting factor in assimilation a Q, of 1 is to be expected. His experi- 
mental data support this view. Hence the diffusion factor is eliminated from our 
consideration. 
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close relationship between photosynthesis and respiration, and is in line 
with the suggestion of Warsure (22) that possibly an intermediate prod- 
uct of respiration is utilized in photosynthesis when no CO, is being ex- 
changed by the plant. 

3. The balance between respiration and photosynthesis is reached at a 
definite CO, tension. No measurements of pH were made on the leaves 
studied, but it is highly improbable that all ten species had the same 
hydrogen ion concentration at the time of the experiment. Without assum- 
ing any definite pK‘ for the cell saps, on rearranging the Henderson- 
Hasselback equation to 


™ combined CO, 
© dissolved CO, 





=pH- pK‘ 


it becomes clear that there is a fixed ratio of combined to dissolved CO, 
when pH — pK? is a constant. It is not likely that all plants used in this 
investigation assumed such a fixed relation between pH and pK’,. When 
pH - pK{ =-—0.3 dissolved CO, is twice combined CO,; when pH — pK‘ = 
+0.3 combined CO, is twice dissolved CO,. 

If these assumptions are correct, at constant CO, tension the different 
plants differed widely in combined CO,, and it may be concluded that the 
steady state observed is a function of dissolved CO, and that the rate of 
photosynthesis is limited by the concentration of H,CO, and not by bicar- 
bonates. 

This view is in accord with the theory of WiLusTATTeR and STouu (23, 
p. 244) for the combining of H,CO, with chlorophyll. It is probable that 
NaHCO, could not enter into this reaction. JAMES (7), VAN DEN HONERT 
(6), and others have assumed that only dissolved CO, is available for 
assimilation. 

4. In experiments 101-106 (table II) the total gas exchange is great so 
that the respiratory quotients are of high accuracy. Their values range 
from 0.78 to 0.85. These are in agreement with the values found by 
MAQUuENNE and Demoussy (10) for young leaves after a few hours in dark- 
ness. Our plants were in the chamber several hours at the high tempera- 
tures, hence the low respiratory quotients are to be expected. 

If we accept the value of 1.00 for photosynthetic quotient, it is evident 
that when CO, is in balance O, will be disappearing, 7.e., the plants are not 
in energy equilibrium. These respiration experiments were continued 
through a period of CO, equilibrium. While the change in CO, concentra- 
tion was zero, the O, changed appreciably (table III). 

This brings up an interesting question in regard to compensation point. 
PLAETZER (14) defined compensation point as that light intensity at which 
gas exchange in a leaf is zero. Neither gas was specified. PLAETzER and 
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TABLE III 
CHANGE IN CONCENTRATION OF OXYGEN AND CARBON DIOXIDE AFTER CO, EQUILIBRIUM HAD 
BEEN MAINTAINED SEVERAL HOURS 














CHANGE IN CHANGE IN O, 
CO, coNn- CONCENTRATION 
CENTRATION IN 5 HOURS 


TEMPERA- DurRA- 
TURE TION 





*¢. hr. % % 
101 Pelargonium 35-37 5.071 + 0.002 — 0.105 
102 Pelargonium 6.071 — 0.001 — 0.077 
103 Primula 6.000 + 0.002 — 0.079 
104 Primula 5.500 + 0.000 — 0.087 
105 Begonia 4.500 = 0.000 — 0.077 
106 Begonia ni | 4.500 + 0.001 — 0.084 
107 Pelargonium 4-6 | 5.750 + 0.000 — 0.012 
108 Pelargonium | 4.750 + 0.001 
109 Primula | 4.500 + 0.000 
110 Primula | 8.000 - 0.001 
111 Begonia | 5.000 — 0.001 
| 








112 Begonia 4.500 + 0.000 














Harper (5) have used O, exchange as the measure, while BoYSEN-JENSEN 
(3), Mii~uer (12), and others follow CO, exchange. Since we have reason 
to believe that O, consumption and CO, evolution in respiration are distinct 
reactions with different characteristics (19-21), it would be well to specify 
which gas is to be in balance at the compensation point. 

5. An examination of figures 2-11 shows that plants exhibit a great vari- 
ability in their behavior at 35°-37° C. They may be classified into three 
general groups: (1) Those which are stable at 35°-37° and reach the same 
point of CO, equilibrium as shown at lower temperatures (Coleus, Eich- 
hornia, Primula, Saxifraga, Begonia) ; (2) those which temporarily follow 
the low temperature curve and then begin active CO, evolution (Pelargo- 
nium, Tolmiea, Zebrina) ; (3) those which evolve large quantities of CO, 
as soon as they are raised to 35°-37° and do not in the course of the run 
reduce the CO, concentration below that of normal air (Bryophyllum and 
Crassulaceae sp.). 

These curves show the danger in working at such high temperatures 
when studying CO, assimilation, and probably explain some of the recent 
results of KostyTscHEw and co-workers (8, 9), who have carried out exten- 
sive investigations of the daily course of photosynthesis of plants of central 
Asia. They inclosed the attached leaf in a glass chamber in the field and 
with an aspirator drew a small volume (about 11 liters) of air across the 
leaf. Most of their runs did not exceed 30 minutes. The temperature in- 
side the chamber was not recorded, but the outside temperature was often 
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as high as 37°. In bright light there was undoubtedly a considerable rise 
of leaf temperature within the chamber. KostyTscHEw and his colleagues 
observed sharp fluctuation in photosynthesis, especially by the xerophytes 
in the Bogar plots. There were short flashes of photosynthesis alternated 
with short but energetic evolution of carbon dioxide in the light. 

It is evident from figures 2-11 that at high temperatures almost any 
kind of value for CO, assimilation might be obtained with the different 
species, and that a 30-minute run made immediately after raising the tem- 
perature does not give a true picture of CO, exchange. For example, dur- 
ing the first two hours Pelargonium shows a high rate of photosynthesis and 
Crassulaceae sp. a high rate of CO, evolution, but at the eighth hour 
Pelargonium is evolving CO, and Crassulaceae sp. is carrying on rapid pho- 
tosynthesis. At lower temperatures, however, all plants show uniform 
photosynthesis curves. 

There are at least two kinds of CO, evolution shown in figures 2-11. 
That which is evolved immediately (figs. 6, 8) must be present in the leaf 
as dissolved and combined CO, (including carboxylic acids) which is re- 
leased by the rise in temperature and high light intensity. That CO, which 
begins coming off only after several hours at the higher temperature (figs. 
2, 3, 4,11) probably represents CO, of metabolism after the high tempera- 
ture has caused metabolic readjustments within the leaf. 

In order to show that the carbon dioxide which came from Bryophyllum 
and Crassulaceae sp. was not produced by respiration suddenly speeded up, 
those runs were repeated and both oxygen and carbon dioxide were deter- 
mined. The results are given in table [V. Since both gases showed marked 
increment, the increase in CO, cannot be attributed to normal aerobic respi- 
ration. 

One hundred ee. of distilled water dissolves from air at 760 mm. and 
20° C. 0.026 ee. CO, and 0.649 ee. O,; at 35° C. 0.018 ec. CO, and 0.501 
ee. O,. Assuming the same change in solubility in leaf sap, a rise of 15° C. 
would liberate only 0.148 ec. O, from 100 ec. of leaf tissue, so that the 


TABLE V 











CO, EVOLVED PER GM. 
DRY LEAF 


EXPERIMENT NO. 





Bryophyllum 4.64 
Bryophyllum 
Crassulaceae sp. 


Crassulaceae sp. 
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solubility factor is negligible. The oxygen most likely comes from photo- 
synthesis and table IV indicates that O, increases at the expense of CO, 
(experiments 4a and 6a). Therefore the total CO, evolved would really 
be equal to CO, + O,. 

Table V gives the calculated CO, liberated by the leaf material at the 
time of greatest CO, +O, increase measured. 

These are much larger values than found by SporHrR and McGee (18) 
for the total CO, combining power of dried leaves, excepting sunflower 
(13.9) and nettle (6.2). The release of all combined (bicarbonate) CO, 
requires a large increase in acidity (pH 4.5) which probably does not take 
place. It seems likely, therefore, that much of the CO, liberated at high 
temperatures arises through a fermentation type of respiration, including 
decarboxylation. 

It should be pointed out that when plants are in CO, equilibrium with 
the air, there is little possibility of their holding very considerable quanti- 
ties of either free or combined CO, (as bicarbonates). In the Henderson- 
Hasselback equation 





pH = pK’ + log combined CO, 
‘© dissolved CO, 


no definite value can be set for pK{. Its value for sea water is given by 
SauNDERS (16) as 6.06 and the accepted value for blood is 6.1. If a value 
of 6.0 is assigned to the average plant, then at pH 6.0 the volume of com- 
bined CO, would be equal to dissolved CO,. Recorded values indicate that 
most plant saps are rarely more alkaline than pH 6. Therefore with a 
maximum possible CO, solubility at 20° C. of 0.026 ce. per 100 ee. of leaf 
sap, the total CO, in the leaf could rarely be more than 0.05 ee. per 100 ce. 
of plant sap. This limiting value would not hold if gaseous CO, were 
trapped within the leaf at a concentration above that found in air. 
Ricuarps (15) observed very high rates of CO, evolution when joints 
of cactus (Opuntia versicolor) were exposed to light. In diffuse light 
(intensity not stated) the rate of CO, evolution was about the same as in 
the dark, but very little O, was absorbed so that the respiratory quotient 
rose to values as high as 7.00. In direct sunlight, CO, was evolved at a 
somewhat lower rate and O, came off at the same time. Ricwarps likewise 
observed that when there was high CO, evolution there was low O, evolu- 
tion. The results of our work at high temperatures with Bryophyllum and 
Crassulaceae sp. described in this work are in close agreement with the 
work of Ricuarps. He attributes the high CO, production in light to the 
photochemical decomposition of organic acids, and shows a large decrease 
in total acidity to support this view. The runs in which both O, and CO, 
egressed were made at high temperatures (30°-39° C.), and RicHarps 
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realized that this was probably an important factor. The normal photo- 
synthetic behavior of Bryophyllum and Crassulaceae sp. at 4°-6° C. sub- 
stantiates his suggestion that Opuntia stores energy only in cooler seasons, 
while it grows at the expense of this stored food in hot weather. SPorHrR 
(17) has further discussed the photolysis of organic acids in the cactus. 

In view of the results here reported, it must be concluded that tempera- 
ture is fully as important as light in determining the rate of evolution of 
CO, from plants exposed to light. In fact the photosynthesis curves of 
Bryophyllum and Crassulaceae sp. at 4°-6° C. are so similar to the curves 
of other leaves that it would appear that no decarboxylation takes place in 
2000 f.c. light intensity at the low temperature. That temperature is the 
chief factor causing the evolution of CO, by Pelargonium is shown by the 
enormous increase (fifty-seven times) in dark respiration of this species 
with a 31° rise in temperature (table II, experiments 101 and 107). 

KostyTscHEw, et al. observed the greatest CO, evolution by xerophytes 
of central Asia. The work of RicHarps with Opuntia and the work here 
reported, combined with that of KostytscHEw, would point to a specialized 
metabolism not merely of succulents but of xerophytie plants generally. 
The recent work of Tana (19-21) again strongly emphasizes the view that 
CO, evolution and O, consumption must be considered as separate processes 
with different mechanisms and specific characteristics. 


Summary 


Under the conditions of these experiments the following conclusions may 
be drawn: 

1. Many types of potted plants in a closed system quickly reduce the 
CO, to 0.01 volume per cent. and maintain this concentration in light of 
about 2000 f.c. intensity. 

2. The sharp break in the rate curve indicates a close approximation to 
BLACKMAN’s ideal graph for limiting factors. 

3. CO, balance is independent of temperature, suggesting that a dark 
reaction of photosynthesis has a temperature coefficient equal to the tem- 
perature coefficient of respiration. 

4. CO, balance depends on the concentration of dissolved CO, and not 
on total CO, (H,CO, plus bicarbonates). 

5. Plants in CO, balance-are not in an energy balance because the respi- 
ratory quotient under many conditions is not unity. 

6. Evolution of CO, from succulents and xerophytes in bright light is 
eaused by high temperature rather than by light. 
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OSMOTIC QUANTITIES OF PLANT CELLS IN GIVEN PHASES’ 


ALFRED URSPRUNG 
(WITH TWO FIGURES) 


I. Osmotic quantities to be distinguished 


Some authors use seven or eight terms, others content themselves with 
two or even a single one. The points of view are much divided. In order 
to reach an objective judgment, let us consider a cell from the pith of Impa- 
tiens noli-tangere, a cell which has been accurately measured by URsPRUNG 
and Buum (48), Mouz (28), Ursprune and Beck (44), and Ursprunea (46). 
Cf. also Beck (1). Let V represent the volume of the given cell, and the 
indices n, g, and s, represent the normal phase, incipient plasmolytic phase 
(grenzplasmolytischen), and saturation phase respectively. We distin- 
guish (fig. 1, schematic sketch of cell) the normal volume (V, = 14,122 
units) of the unchanged cell, the volume at incipient plasmolysis 
(V,=13,209 units), and the volume at complete saturation (V,= 14,779 
units). V, had at the time of observation the value just given, which, 
however, changed as the water balance within the cell changed. 

If we desire to measure the osmotic potential of the cell sap of the 
individual cell, we must begin with the phase of incipient plasmolysis. By 
means of the plasmolytic method we find first that the incipient plasmolysis 
value (7.e., the osmotic value at incipient plasmolysis) is O,=0.38 mol cane 
sugar. This concentration of the cane sugar solution will cause the pro- 
toplasm of our cell to recede from the cell wall ever so little. In the 
absence of complicating factors, so that the volume changes of the cell have 
no other effects than corresponding changes in the concentration of the 
cell sap, one can calculate the osmotic value of the normal sap, O,, from 
O,=0.88 by the equation: O,= 0, vs 
the cell sap or an isosmotic cane sugar solution in an osmometer with a 
semipermeable membrane, the cell sap at incipient plasmolysis would 
develop an osmotic pressure (physicist’s terminology) or a suction force 
(suction tension, suction?) (our terminology*) of 10.5 atm. In the con- 
dition of equilibrium the protoplasm must have the same suction force. 
Hence we may write: The suction force (suction tension, suction) of the 
contents of the cell in the phase of incipient plasmolysis is S;,=10.5 atm. 
Similarly the suction force (suction tension, suction) of the contents of 


= 0.355 mol cane sugar. If we place 


1 Translated by WILLIAM A. BECK. 

2 Original: Saugkraft (Saugspannung, Saugung). 

3 The pros and cons of the matter of terminology will be discussed later. 
115 
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the cell in the normal phase, §;,, or since for the sake of simplicity the 
modification referring to the phase is omitted, the suction force (suction 
tension, suction) of the contents of the cell, S8;,=9.7 atm. In a similar 
manner it is deduced that S;, = 9.3 atm. 

The wall pressure (W), 7.e., the pressure which the stretched wall exerts 
upon the contents of the cell has the following values: At incipient plas- 
molysis naturally W,=0.0 atm.; in the saturation phase, W,=9.3 atm.; 
with the assumption that change in wall pressure is proportional to the 
change in volume the wall pressure in the normal phase may be caleulated 
and shown to be W, = 5.4 atm. 

The turgor pressure (T), 7.e., the pressure which the contents of the 
cell exert upon the wall, is, at equilibrium, numerically equal to the wall 
pressure, since action and reaction are equal, but it acts in the opposite 
direction. 

The suction force (suction tension, suction) of the cell (S,) is the force 
per unit area with which the whole cell, consisting of the cell wall and the 
contents of the cell, tends to absorb water. If external forces that tend to 
produce tension or pressure are absent, it is composed of two forces (ten- 
sions) which operate in opposite directions: the suction force of the con- 
tents of the cell, and the wall pressure, which tends to force water from the 
cell. The relations may be expressed by the equation: 


S,=S:-—W 


It follows that the suction force of the cell, in the phase of incipient 
plasmolysis, in the normal phase, and in the phase of saturation, has the 
following values respectively : 


Se, =Si,- Wz = 10.5-0.0=10.5 atm. 
S,,=S:,-Wn= 9.7-54= 43 atm. 
S,.=98:1,-Ws = 9.3-9.3= 0.0 atm. 


Our suction force equation contains three osmotic quantities which differ 
in their concepts and usually also in their numerical expression. It ap- 
pears from the numerical expression given above, and even more clearly 
from the graphic representation in figure 1, that these three quantities 
behave in an altogether different manner as the cell changes from the phase 
of incipient plasmolysis to the phase of saturation. S; varies but little; 
W increases very rapidly; and S, decreases even more rapidly. Let par- 
ticular emphasis be placed on the fact that the same cell may simultaneously 
possess an inner pressure of several atmospheres (T,=5.4 atm.), and never- 
theless be able to take in water (S,,,=4.3 atm.). 
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Previously it was assumed that no foreign mechanical stress or strain 
was placed upon the cell; in this case T= W numerically. If an external 
pressure (+ A) or tension (— A) is present, then T= W + A, and the equa- 
tion expressing the suction force takes the form: S,=S;- (W + A). 


SIGNIFICANCE OF THE OSMOTIC QUANTITIES 


The significance of the osmotic quantities follows consequently from 
what has already been said. 

The suction force (suction tension, suction) of the cell, S.,,=4.3 atm., 
is the quantity that is the dimensional standard for the intake, the extru- 
sion, and the conduction of water. It is indispensable, for example, in the 
study of water economy. 

The suction force (suction tension, suction) of the contents of the cell, 
S,,=9.7 atm., must not be confounded with S8,,. Thus it does not deter- 
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Fic. 1. Graphic representation of the osmotic quantities of a cell taken from the 
pith of Impatiens. (According to URSPRUNG 46.) 
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mine the amount of water absorption, but it is an important component of 
S.,, aS is shown by the equation S,,.=8;,— Wn. Si, is equal to the suction 
force of the protoplasm. It is furthermore a measure for the change in 
the water balance of the cell, provided the osmotic solute remains constant. 

The wall pressure, W,=5.4 atm., naturally plays an important role in 
turgor movements. The measurement of this quantity has furthermore 
contributed in establishing the relations that exist between turgor pressure 
and growth. The rigidity of the soft-walled cell is the result of the com- 
bined action of the wall pressure and the turgor pressure. In the state of 
equilibrium T= W ; when, however, asci burst open in plasmoptyse T > W. 





Fic. 2. Diagram of the suction force of an osmometer. (According to URSPRUNG 
46.) 


Turgor distention. For every change in volume, V,— Vg, there is a cor- 
responding equivalent change in turgor pressure, T,;—T,, which will vary 
in different cells, the magnitude of which depends upon the distention. The 
turgor distention is the dimensional standard for the cell, in its réle as a 
water reservoir, as also for turgor movements. 

The suction force (suction tension, suction) at incipient plasmolysis, 
S;,=8,,=10.5 atm., serves in the study of the regulation of osmotic rela- 
tions (Studium der Osmoregulationen ). 

The osmotic values, O, and O,, are usually auxiliary quantities that are 
necessary in the determination of §;, and §;,, of the individual cells. 


II. Methods of measuring 


Nothing more can be done here than to indicate the principle involved 
in each of the different methods and thus bring into greater relief the names 
employed to designate the various quantities. 
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1. The osmotic value at incipient plasmolysis, O,=0.38 mol cane sugar, 
is measured by the oldest method of measuring in this domain. It deter- 
mines that concentration of a harmless non-permeable plasmolyte which at 
osmotic equilibrium causes the protoplasm to recede ever so little from the 
cell wall. 

2. The suction force (suction tension, suction) of the cell or of the cell 
contents at incipient plasmolysis, S,,=S;,= 10.5 atm., is obtained by trans- 
lating the value 0.38 mol cane sugar, obtained in method 1, into equivalent 
atmospheres. O, and §,, refer, it is true, to an abnormal condition of the 
cell, but they nevertheless yield important results especially concerning the 
regulation of the osmotic relations in the normal cells. 

3. The suction force (suction tension, suction) of the contents of the 
cell in the normal phase, S;,,=9.7 atm., may for example be determined by 
eryoscopy of the expressed juice. It must be remembered, however, that 
all methods employing press-juice yield only average values for the larger 
tissues or entire organs. The measurement of §,, for individual cells 
demands a knowledge of the value of O,. 

4. The osmotic value of the contents of the cell in the normal phase, 
O, = 0.355 mol cane sugar, is deduced from O, by means of the equation 


0,= OE. The equivalent value in atmospheres is the value of S;,. The 


value of Si, cannot be determined directly from S;. by using the quotient 
of the volumes as a factor, because the suction force (osmotic pressure) of 
a solution increases at a greater rate than does the concentration. 

5. The suction force (suction tension, suction) of the cell in the normal 
phase, 8,,=4.3 atm., is measured by determining the concentration of a 
harmless non-permeable plasmolyte (Osmotikum) in which the original cell 
volume remains constant. It is necessary that the cell wall is sufficiently 
distensible that the cell may show an appreciable change in volume with 
change of the external concentration. 

6. The wall pressure, W,=5.4 atm., can be calculated for individual 
cells, in the absence of external pressure, from the equation W,=8,, —S,,. 
The suction force of the cell, S,,, remains unintelligible so long as the wall 
pressure is not taken into consideration. 

7. The turgor pressure, T,=5.4 atm., is numerically equal to the wall 
pressure in the absence of external forces, but it acts in the opposite 
direction. When external forces enter into consideration, then T, = W, 4 
A,=S,, — Sz: 


III. Review and critique of the various terminological proposals 


A. THE OLDER TERMINOLOGY 


Before the newer methods were developed, it was customary to use 
either the method of incipient plasmolysis or the eryoscopie method. Sup- 
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pose we begin with the method of incipient plasmolysis, again taking our 
numerical examples from the data obtained with cells of Impatiens. The 
suction force at incipient plasmolysis was measured, S,,=S;,=10.5 atm. 
The values obtained were frequently labeled as follows: 

Osmotic pressure ; this, however is actually only 9.7 atm.; error = 0.8 atm. 

Turgor pressure ; actual value is 5.4 atm.; error = 5.1 atm. 

Suction force; actual value is 4.3 atm.; error =6.2 atm. 

The confusion is even greater in the following example: the author is 
studying water intake; he requires to know the suction force of the cell 
(4.3 atm.), but he speaks of turgor pressure (5.4 atm.) and he measures 
the suction force at incipient plasmolysis (10.5 atm.). 

The difficulties of the eryoscopic method are similar. When this method 
is used to investigate water economy, e.g., Dixon (6), Harris and his asso- 
ciates (14-19), Korstian (24), the quantity determined is not the correct 
one. For there is no doubt that, in connection with water intake, the suc- 
tion force of the cell contents does not come into consideration at all, but 
rather the suction force of the cell (4.3 atm.). The error of all investiga- 
tions of water economy that depend on the eryoscopic method lies in 
neglecting to take the wall pressure into consideration. 

The misunderstandings that have arisen as the result of the confusion 
of the osmotie quantities have been discussed elsewhere (UrsPRUNG and 
Buium 48); further examples may readily be found by any one in the 


language with which he is familiar. The task of the new terminology must 
be to provide a nomenclature such that misconceptions will be avoided. 


B. THE RECENT TERMINOLOGY 


The quantities which are to be distinguished have been indicated in 
sections Iand II. The individual terms will now be discussed. 

INDIVIDUAL TERMS: (1) THE SUCTION FORCE OF THE CELL, S,,, = 4.3 ATM.— 
As previously mentioned, the normal phase is indicated by the omission of 
the modification referring to the phase; consequently ‘‘suction force of the 
cell’’ is used instead of ‘‘suction force of the cell in normal phase.’’ Of 
all the terms the expression ‘‘suction force’’ has been most objected to. 
Some authors criticize only the element ‘‘force’’ (Kraft); others reject 
the term ‘‘suction”’ as well. 

(a) Pros and cons of ‘‘suction.’’—Suvutt (36), to my knowledge the 
only author who has expressed himself as opposed to the term ‘‘suction”’ 
(Saugung), says: ‘‘If a careful analysis of water movement is made it 
will always be found that water is the active compound. The cell contents 
merely provide a medium of lower free water content into which water from 
regions of greater free water content moves. The pressure in any cell is 
caused by the free water entering from outside the cell. If the pressure in 
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a street car, when overcrowded with people who try to enter after the car 
is full, can be called a suction pressure, then the pressure in a cell can be 
called suction pressure, and the force of entry called suction tension.’’** In 
answer to these statements the following remarks may be permitted. So 
far as I know, the actual cause of the osmotic phenomenon is unknown even 
today (cf., for example, FinpLay 9) ; consequently there is no necessity for 
the physiologist to restrict the terminology to any particular theory. 

The ordinary mode of expression favors the term ‘‘suction’’; then there 
is in use a very old expression which we find for example in suction pump, 
suction root, suction hair. The justification of the term suction appears 
most clearly if the cell is replaced by a semipermeable osmometer to which 
in an appropriate manner a manometer has been attached. The osmometer 
contains a 0.355 mol cane sugar solution (fig. 2, c), which has an osmotic 
pressure of 9.7 atm. The wall pressure, numerically equal to the turgor 
pressure, is compensated by the mercury pressure of 5.4 atm. in the ma- 
nometer t. Of special interest to us is the osmotic quantity, which amounts 
to 4.3 atm. (9.7-5.4 atm.) ; manometer s (fig. 2) registers it, and clearly 
as a suction which the osmometer exerts upon the water outside. According 
to the data indicated on the manometer s, which are objective and indepen- 
dent of any particular concept of the mechanism of osmosis, we have the 
right to speak of a ‘‘suction’’ force of the cell S,, =4.3 atm. 

(b) Pros and cons of ‘‘force.’’—-SHULL (37) says of suction force: ‘‘No 
unsuitable term should be considered immune from change, especially one 
not over 15 years old, just because it has been commonly employed in 
Europe.’’ This assertion concerning the age of the contested term does 
not by any means agree with the facts. Incidentally Prerrer (32, p. 77) 
speaks of ‘‘suction foree,’’ but particularly peVries (51, p. 561) ; since that 
time the term is found in the literature of plant physiology in ever so many 
languages [e.g., Nott (42) in SrrAspurGER’s Lehrbuch, p. 161; HaperLANpt 
(13, p. 351) ; Firrmne (10, p. 209) ; Vines (50, p. 429) ; Ewart (8, p. 77).] 
Consequently the term ‘‘suction force’’ is about as old as the history of 
osmotic relations in cells. Since it did not seem to me absolutely necessary 
to coin a new term, while developing mensural methods in 1916, I employed 
the term already in use. That the term is not strictly correct in the physi- 
cal sense, I have already in 1916 emphatically pointed out (UrspruNa and 
Buum 47, p. 529) as follows: ‘‘With reference to the terminology, the 


term ‘‘force’’ should be retained, even though it is a matter of force there- 


area 
fore a quantity not mensurable in kilograms, but in atmospheres.’’ 

4 SHULL (38) also says in a later paper: ‘‘If the expansive force exerted in the 
interior of an automobile tire when we force air into it can legitimately be called a 
‘suction force,’ then also we can call the expansive force of a cell when water is forcing 
its way into the cell a ‘suction force.’ ’’ 
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? 


(c) Suggested substitutes for ‘‘force.’’—Suction ‘‘pressure’’—as sug- 
gested by Stites (40, 41), and Briecer (4), a student with RenNER—has 
the correct dimensions but is a physical impossibility, since a manometer 
can register either suction or pressure, but not both at the same time 
(Ursprune 45, p. 196). The expression appears to have been abandoned, 
at least in German-speaking countries (RENNER 35, p. 749; GRADMANN 12, 
p. 635). 

Suction ‘‘value’’ (GRADMANN 11, 12, p. 636), suction ‘‘ability’’ (Prinas- 
HEIM 33, p. 749), suction ‘‘potential’? (OPPENHEIMER 30, p. 131; 31, p. 
526) are terms that indicate sufficiently that there is a question of capacity 
which does not by any means always lead to water intake. This I had al- 
ready said in 1916 (Ursprune and Buium 47, p. 530) and still more 
clearly in 1920 (Urspruna and Buium 48, p. 202) with the definition: 
Suction force of the cell=the force with which the cell strives to take in 
water. Of course it is evident that the cell cannot take in water if it does 
not suck more forcibly than the surrounding medium. I did not deem it 
necessary to emphasize that fact by applying a special term. One does not 
speak of ‘‘Pferdepotential’’ but of ‘‘Pfedekraft’’ even though the horse 
will pull the wagon only if the load is not too heavy. 

Suction ‘‘tension’’ (SuHutt 36, p. 214; Breck 1, p. 425) has the cor- 
rect dimensions, and is physically more nearly correct than suction ‘‘force’”’ 
(cf. also Urspruna 45). If a new term had to be chosen, one would 
choose tension (Spannung) ; but since the term suction ‘‘force’’ is already 
a half century old and has given rise to no misconceptions, it may as well, 
as I see it, be retained in the future. Even the physicists tolerate a similar 
liberty in the use of terms, e.g., using ‘‘Dampfspannung’’ instead of 
‘‘Spannkraft’”’ of steam (CHwotxson 5, p. 709); but if Spann‘‘kraft’’ is 
permitted in physics, why should the term Saug‘‘kraft’’ be forbidden in 
physiology? Furthermore, so long as we retain such terms as cryptogams, 
tracheae, and leucoplasts one has no right to forbid suction force. It is after 
all simply a matter of taste whether one, with deference to the historical 
development, continues to use an old term which has given rise to no mis- 
conceptions, or whether one prefers a faultlessly correct expression. 

(d) Counter suggestions for ‘‘suction force.’’—‘‘Suction’’ (SrerP in 
SrTRASSBURGER’S Lehrbuch, 18th ed., p. 76) is a short and clear term but 
appears to have greater difficulty in becoming established than does suction 
foree or suction tension. 

‘‘Water absorbing power’’ (THopay 43, p. 110) does not have the cor- 
rect dimensions, and is rather lengthy. 

‘‘Pouvoir osmotique’’ (LEcLERC pu SaBLon 25, p. 24) reminds one of 
PFEFFER’S ‘‘osmotische Triebkraft’’ (32, pp. 76. 84) but it does not indicate 
whether it signifies suction or pressure. 
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Concerning the terms ‘‘ Hydratur’’ and ‘‘ Wasserzustand’’ the reader is 
referred to section (2) later. 

“‘Turgor deficit’? employed by Curtis (private communication from 
BEcK), it seems to me, can mean only one thing, 7.e., a difference between 
the maximum turgor pressure which is possible and the pressure which 
actually exists. As is shown in figure 1, the turgor deficit of our Impatiens 
cell is 9.38 —5.4=3.9 atm., while the suction force of the cell is S,,,=4.3 atm. 
Turgor deficit and suction force of the cell are not equal numerically, nor 
are the terms conceptually alike; they cannot therefore be used synony- 
mously. 

SHuuLL (37) ‘‘sees no good reason for using any other term than os- 
motie pressure in connection with the turgidity of plant ecells.’’ But how, 
then, shall our osmotic quantity 4.3 atmospheres be designated? The ‘‘os- 
motic pressure’’ is really 9.7 atm., the ‘‘turgor pressure’’ 5.4 atm.; accord- 
ingly the difference, if we are to preserve both these terms, must be 
designated as ‘‘the difference between the osmotic pressure and the turgor- 
pressure,’’ a term surely too detailed to find any support.° 

‘‘Traction’’ was suggested (LivinGsTon, private communication to Beck, 
1927) presumably to replace tension, but I have no further information 
concerning it.® 

(e) Other suggestions.—Distinctions have been made between static and 
kinetic, between potential and actual (OPPENHEIMER 30, 31; RENNER 35), 
between absolute and relative suction force (Huser 22; BEeNEKE-Jost 3, 
vol. I, p. 57), and between osmotic and swelling (imbibitional) suction 
force. 

In water intake by the cell osmotic and swelling forces may be associated ; 
the former are usually determinative. Both components in a state of equi- 
librium must of course be equal to one another: a change in one necessarily 
causes a corresponding change in the other. 

The Impatiens cell (fig. 1) with its suction force, S,,=4.3 atm., can 
take in water, exude water, or be in equilibrium with the environment. 
Which ease actually obtains depends upon the value and the direction of 
the suction force gradient (Saugkraftgefille) of the environment of the 
cell, as well as upon the resistance to transfusion (Filtrationswiderstand). 
Just as one in physics speaks of kinetic and static, of actual and potential 
energy, according to whether or not it results in motion, so one may of 
course do the same thing in physiology. 


5 SHULL has suggested ‘‘net osmotic pressure’’ for this quantity. 

6 Translator’s note:, The author refers to a letter from LIvINGsTON to the translator 
January 3, 1927, in which LIVINGSTON suggested in an informal way a number of terms 
which were submitted by the translator, of his own accord, to URspruNG. The discussion 
is too lengthy to be given here. 
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The only question is whether, to avoid misunderstanding, it is neces- 
sary to speak of a static suction force when the osmotic energy remains 
potential, and of a kinetic suction force when the osmotic energy becomes 
actual and sets the water in motion. An example from mechanics may serve 
to elucidate this. Suppose that two similar, one-horsepower tractors are 
attached to the same vehicle; in one case the tractors pull in the same direc- 
tion and in the other they pull in opposite directions. It is quite unneces- 
sary to refer in the first case to kinetic or actual horsepower and in the 
second to static or potential horsepower; similarly it is altogether super- 
fluous to make a like distinction in physiology. 

Moreover, the expressions absolute and relative suction foree which are 
employed to signify that the cell with a suction force of 4.3 atm. is in the 
first case sucking against pure water, and in the second case against an 
osmotically active environment, are to say the least superfluous. As has 
already been shown (Ursprune and Buium 49, p. 2), the suction force is the 
same in both eases; the suction force gradient, however, is different in the 
environment of the cell. This fact is simply and unequivocally expressed 
by the use of this old term (suction force). 

New and unnecessary terms should, in my opinion, be avoided, as they 

a” a useless complication of nomenclature which unnecessarily makes 
understanding difficult for the beginner and layman. 

To summarize, then, for the quantity S,,,=4.3 atm. the following terms 
are recommended: suction force of the cell, suction tension of the eell, or 
suction of the cell; in addition one may use the expressions suction force 
gradient, suction tension gradient, or suction gradient. 

(2) SuUcTION FORCE OF THE CELL CONTENTS, S;,, = 9.7 AatmM.—What has just 
been said regarding suction force of the cell applies as well to the discus- 
sion of the cell contents. We may therefore give our attention immediately 
to the counter suggestions. 

(a) Counter suggestions——Osmotic pressure is an excellent term in the 
field of physics, which, however, has not proved adequate in plant physi- 
ology. Before 1916 all of the osmotic quantities measured or used were 
simply referred to as osmotic pressure, even when they differed in numerical 
value as well as in their concepts. For example, previous to that time 
osmotic pressure was sometimes understood to mean S,,,=4.3 atm., some- 
times it meant §;,=9.7 atm., sometimes T,=5.4 atm., sometimes S,, = 10.5 
atm. That such a state of affairs must lead to serious confusion is self- 
evident. 

If the physiologist wishes to employ the term ‘‘osmotie pressure’’ he 
must use it in the sense of the physicist, 7.¢., the maximum pressure which 
the cell sap can sustain in an osmometer which is provided with a semi- 
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permeable membrane. Accordingly it is correct to say that the ‘‘osmotic 


pressure’’ of the cell sap is 9.7 atm. Let us now examine this term and 
see whether it serves the physiologist’s purpose. 

Referring to figure 2, b, note that the 0.355 mol cane sugar solution 
exercises a suction upon the water which lies on the opposite side of the 
membrane and above the mereury, which amounts to 9.7 atm. In figure 2, a, 
the manometer shows a pressure of 9.7 atm. The 9.7 atm. may be regarded 
as a tension as well as a pressure. The cell which we have been consider- 
ing possesses a turgor pressure of 5.4 atm. as well as an osmotic pressure 
of 9.7 atm.; since both pressures are the immediate result of the osmotic 
phenomenon, they may, though distinct, readily be confounded. Let a re- 
cent case serve as illustration. (For less recent cases cf. UrsPRUNG and 
Bium 48.) Went (55) says: ‘‘The osmotic pressure of the contents of 
the cell is received by the stretched cell wall.’’ ‘‘Osmotie pressure’’ is 
spoken of, which in the case of our illustrative cell is 9.7 atm., while the 
author has in mind turgor pressure which is really 5.4 atm. 

Since the 9.7 atm. (refer to equation S,,,=S8;,-— Wn) tend to carry the 
water into the cell and the 5.4 atm. tend to force water from the cell, it does 
not seem desirable to apply the same term ‘‘pressure’’ indiscriminately in 
both cases. Since there is no opposition to the term ‘‘turgor pressure’’ as 
here used, there remains nothing else but to drop the expression ‘‘osmotic 
pressure’’ if we are to avoid being misunderstood. 

‘Osmotic value’’ was suggested as a substitute for ‘‘suction force of the 
contents of the cell’’ by Hériter (21) and Watrer (53). The latter desires 
that the osmotic value should be expressed only in atmospheres, while I 
express it in molal units. 

Under the caption ‘‘value’’ anything may be understood a priori. If, 
however, we are to give unequivocal expression to what we mean, we should 
agree upon one mode of expression of the quantity (cf. also sec. 4). WaAt- 
TER’S suggestion, to express the value only in atmospheres, is not practic- 
able; first because we frequently need the molal expression (é.g., in the 

Ve 
& v. 
individual cell), and then because it is not always possible to translate the 
molal value into atmospheres partly because the concentration data are in- 
sufficient. As we already have the expression ‘‘suction force (suction ten- 
sion, suction) of the contents of the cell,’’ the simplest course would be to 
continue to express the ‘‘osmotic value’’ in molal units. 

‘Osmotic concentration’? has been used for a long time by Harris 
and his associates (14-19). Recently PrinesHerm (33) also has suggested 
the term as a substitute for ‘‘osmotie pressure.’’ Drxon and ATKINs (7) 
as also Korstran (24) speak of ‘‘sap concentration.’’ These designations 


? 


equation O, =O 


which is necessary for the determination of §;, of the 
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are not to be recommended as substitutes for the quantity S;, which is here 
in question, for it must be measured in atmospheres (as follows conse- 
quentially from the equation S,=S;—W). Logically a concentration 
should not be expressed in atmospheres. 

““Density of cell sap’’ is used by KorstiAn (24) as synonymous with 
‘fosmotie pressure.’’ This expression also is unsuitable since density can- 
not be measured in atmospheres. 

‘“Water relations,’’ ‘‘water conditions,’’ and ‘‘Hydratur’’ are expres- 
sions that Water (52-54) suggests as substitutes for ‘‘suction force 
(suction tension, suction) of the contents of the cell’? and he expresses the 
quantity in atmospheres. He uses three methods for the measurement of 
‘‘Hydratur’’ which yield results that are numerically different and are 
altogether different in concept: (1) Cryoscopy of the expressed sap which 
gives an average value of S;,=9.7 atm.; (2) Determination of the vapor 
pressure of intact cells which gives values of S,,,=4.3 atm. and not values 
for S;,; (3) The method of incipient plasmolysis by which §;,=S,,=10.5 
atm. is determined. Not only do these methods yield quantities that are 
altogether different in themselves but they are rechristened and defined in 
a manner that introduces confusion. While WaAuTER thinks he is measur- 
ing the ‘‘water condition’’ or ‘‘Hydratur,’’ usually by determining the 
quantity S;,=9.7 atm., RENNER (35) explains that the ‘‘ water condition’’ 
or ‘‘Hydratur’’ can agree in value only with the suction force of the cell 
S.,=4.3 atm. This confusion follows from the fact that both authors are 
measuring different quantities and apply common names indiscriminately. 
WALTER studies the situation from the point of view of the suction force of 
the protoplasm, while RENNER regards it from the point of view of the 
suction force of the cell. These recent examples show how futile it is to 
form a new, indefinite and unnecessary terminology; it makes things very 
difficult for those who are not very familiar with the subject, while nothing 
of value is gained. I retained, whenever it was at all possible, the already- 
existing terms, precisely for the purpose of not overburdening the nomen- 
elature. 

(3) THE SUCTION FORCE AT INCIPIENT PLASMOLYSIS, S,, =S,, = 10.5 atm.— 
Here again that which was already mentioned about ‘‘suction force’’ holds, 
i.e., that ‘‘suction tension’’ or ‘‘suction’’ should be considered synonymous 
with it. The modifications ‘‘of the cell’’ and ‘‘of the contents of the cell’’ 
become superfluous, since S;,=S,,=10.5 atm. At this time it is probably 
self-evident that only the suction force at incipient plasmolysis can be mea- 
sured and not all other kinds of quantities. It follows that previous mis- 
understandings in so far as they arose from confusion of terms should 
henceforth be eliminated. The determination of 8;,=10.5 atm. by the 
plasmolytie method has rendered physiology great service (one has only to 


5 
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recall the work of DE VriEs), and will continue to do so in the future (¢.g., 
in the study of osmotic regulation) if one only uses a proper plasmolytie 
agent, and if care is taken to interpret the results correctly. 

(4) THE OSMOTIC VALUE, O, =0.355 MOL CANE SUGAR.— 

(5) THE OSMOTIC VALUE AT INCIPIENT PLASMOLYSIS OR INCIPIENT PLAS- 
MOLYSIS VALUE, O, = 0.38 MOL CANE SUGAR.— 

The term ‘‘osmotie value’’ (when the attribute is lacking, ‘‘in the nor- 
mal phase’’ is understood) signifies the molal expression of the concen- 
tration of the plasmolyte which is isotonic with the cell sap, when the cell 
has the normal volume (UrspruNG and BLumM 48; Beck 2). The osmotic 
value at incipient plasmolysis, O, = 0.38 mol cane sugar, must first be deter- 
mined before the quantity O, = 0.35 can be deduced from it. The deduction 
is made by means of the equation, O,= 0, . = 0.355 mol cane sugar, in 


which V, is the volume of the cell at incipient plasmolysis, and V, the 
volume in the normal phase. 

(a) Other suggestions—H6ruier (21) made the suggestion which was 
seconded by Huser (23) that the osmotic value should be expressed in at- 
mospheres as well as in molal units. According to this suggestion we should 
write: O, = 0.355 mol cane sugar = 9.7 atm. 

As previously mentioned, the term value may, @ priori, be variously em- 
ployed, but in the interest of a simple nomenclature, which admits of but 
one interpretation, we should agree upon some simple but adequate term. 
Furthermore, a 0.355 molal cane sugar solution can only be equivalent to 
but not identical with a pressure of 9.7 atm. Different quantities measured 
in different systems of units may not be given a common name just because 
they have equivalent values. Now if the quantity measured in atmospheres 
be designated as the suction force (suction tension, suction) of the contents 
of the cell, there is nothing to prevent us from calling the quantity with its 
equivalent values, expressed in molal concentration units, the osmotic value. 

Osmotic concentration—PRINGSHEIM (33) suggests that the term 
‘osmotic value’’ be rejected as not sufficiently definite, while WALTER (53, 
p. 83) wishes to have the quantity introduced even into the suction-force 
equation. Let it be recalled that just as in the case of the term suction 
force, we are dealing with a time-honored term that for long has been 
employed in plant physiology. It harmonizes very well, too, with the ordi- 
nary modes of speech; for just as we speak of the monetary value of various 
things we may discuss the osmotic value of different cell saps. Accordingly 
it is certainly permissible to speak of the ‘‘osmotic value’”’ as being 1 mol 
cane sugar solution. The substitute which PriINGsHEIM (33) proposes, 
‘‘osmotic concentration’’ of 1 mol cane sugar solution, is decidedly not an 
improvement. In the first place the new term may give the impression that 
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the cell sap contains a 1 mol cane sugar solution; then again the concen- 
tration is measured in mols but not necessarily with cane sugar; finally 
the concentration is not the only factor to be considered in the osmotic 
phenomena for the chemical constitution of the sap is a factor too. 

(6) THE WALL PRESSURE W, = 5.4 atm. 

(7) THE TURGOR PRESSURE T,, = 5.4 atm.— 

From the nature of things it follows that the wall pressure is the pres- 
sure that is exerted by the wall upon the contents of the cell. Turgor 
pressure is generally admitted to be the pressure exerted by the contents 
of the cell upon the wall. In a condition of equilibrium T= W, when no 
foreign forces enter the consideration. If foreign forces are to be consid- 
ered, T=W+ A. I am not aware of any terms that may have been sug- 
gested as substitutes for these. 

(b) The suction-force (suction tension) equation—My equation reads: 
The suction force of the cell=the suction force of the contents of the 
cell — the wall pressure ; S, = S; — W; of course suction force may be replaced 
by suction tension or by suction. If foreign forces enter into consideration 
the equation becomes: S,=S,;—-W +A. T is given by W+A. 

Suggested substitutes—RENNER (34): Saugkraft der Zelle = osmotische 
Druck — Turgordruck. 

S=P-T. 
This equation was published before mine; both were established indepen- 
dently. 


THopay (43): Water absorbing power = osmotic pressure — turgor pres- 
sure. 


p=P-T. 
Horter (21): Saugkraft der Zelle=osmotischer Wert (in Atm.) — Tur- 
gordruck. 
S=O0-T. 
LECLERC DU SABLON (25) pouvoir osmotique du liquide exterieur = pou- 
voir osmotique du sue cellulaire — turgescence. 
Stites (40, 41): suction pressure = osmotic pressure — wall pressure. 
S=P-T. 
Water (53): Saugkraft =osmotischer Wert (in Atm.) — Wanddruck. 
Srerp (39) : Saugung der Zelle = Saugung des Zellinhaltes - Wanddruck. 
Several of the suggested substitutes place turgor pressure in the place 
of wall pressure in my equation; I do not recommend this form of writing 
the equation as it does not indicate the actual condition. The quantity 
which acts counter to the intake of the water is not the turgor pressure but 
the wall pressure (ev. W + A). 
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Other variations often consist in replacing 8; by the osmotic pressure. 
As was shown previously (2) this is not to be recommended; first because 
it leads to confusion with the turgor pressure, and then again because it is 
to no good purpose to use the common term ‘“‘pressure’’ for a quantity 
which tends to press water from the cell and another which tends to draw 
water into the cell. 

The why and the wherefore of expressing the osmotic value in molal 
units rather than in atmospheres has been discussed (cf. sections 2, 4, 5). 

If suction tension or suction is to be preferred to suction force it is a 
matter of taste so far as I am concerned. 

(c) Suggestions on the reduction of the number of terms.—As was 
mentioned above, SHuLL (36-38) prefers to use no term other than ‘‘osmotie 
pressure’’ in connection with the turgidity of plant cells. Similarly Lust- 
MENKO (27) speaks only of ‘‘pression osmotique’’ and ‘‘pression de tur- 
gescence.’’ 

Hoper (20) speaks of ‘‘osmotischen Druck’’ and ‘‘Turgor.’’ OLrt- 
MANNS (29) even tries to get along with the term ‘‘turgor’’ alone. 

In itself, of course, the notion of reducing the number of terms is very 
welcome; but for all that, the basic purpose, 7.e., the possibility of clear 
expression of ideas and the elimination of misunderstandings, must not be 
sacrificed. That two terms will not suffice to express unequivocally seven 
quantities will probably not be questioned in view of the illustrations which 
were drawn from various authors, and further demonstration will hardly 
be necessary. Referring again to SHULL’s reviews, he wrote (36) in ref- 
erence to BLuM’s measurements of suction force in alpine plants: ‘‘These 
suction force studies show in a different way by plasmolytic means, just 
what Harris’s studies of freezing point depressions have shown, a general 
correspondence of plant cells to the conditions of the habitat.’’ If he 
intends to convey the notion that the same quantity was measured in two 
different ways, he is in error.’ Harris—referring once again to 
the illustrative cell of IZImpatiens—measured §,;,=9.7 atm.; Buium 
measured S,,=4.3 atm. The fact is that the two quantities usually 
do vary in the same sense. Thus while passing from the phase 
of incipient plasmolysis to the saturation phase (cf. fig. 1), both 
experience a decrement, but it is slight in S,, 7.e., from 10.5 to 9.3 atm., and 
considerable in §,, 7.e., from 10.5 to 0.0 atm. If the quantity §,, is deter- 
mined in the study of the water economy, faulty individual values are 
obtained, because the real indicator of the conditions is §S,,. 

Whoever attempts to carry on with only one or two terms is bound to 
fall into the same errors that were committed in the past, 7.e., labeling 
indiscriminately S,,=4.3 atm., T,=5.4 atm., 8,=10.5 atm., whichever 
quantity is desired, as ‘‘osmotic pressure.’’ 

7 He had no such intention. 
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Summary 

The earlier studies of osmosis in plants led to confusion because a common 
name was applied to different quantities and because of attempts to measure 
these quantities by a common method. The creation of methods which 
permit the determination of the different quantities numerically as well 
as in concept, constitutes the essential difference between the more recent 
studies and the older ones. In order to avoid misunderstandings a new 
terminology became necessary. It embraces the expressions: Suction force 
(suction tension, suction) of the cell, S,,,; suction force (suction tension, 
suction) gradient; suction force (suction tension, suction) of the contents 
of the cell, S;,; suction force (suction tension, suction) at incipient plas- 
molysis S,,=S;,; osmotic value, O,; osmotic value at incipient plasmoly- 
sis=incipient plasmolysis value, O,; wall pressure, W,; turgor pressure, 
T,; and the turgor distention produced by the turgor pressure. The terms 
are, as they should be, unequivocal, simple, and easy to understand. In 
so far as it was possible, they were linked to the old terminology. The 
terms suction and pressure were chosen in accord with the indications on 
the manometer. Wherever the manometer permits both designations, the 
form that seems best adapted to avoid misunderstandings has been chosen. 
The prime purpose of terminology is simplicity and the elimination of 
error. When these ends can be obtained in different ways a certain flexibil- 
ity in the mode of expression should be tolerated. With me it is a matter 
of taste whether suction tension or suction be considered synonymous 
with suction force. Even though it is desirable to use but a single term 
for a given quantity, it is not absolutely necessary, so long as the essen- 
tial purpose of terminology is not defeated. For decades the significance 
of terminology was underestimated, but we need not for all that go to the 


other extreme. 
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DETERMINATION OF AMINO NITROGEN IN PLANT EXTRACTS 


NEIL W. STUART 


Introduction 


In nitrogen partition studies it is customary to estimate the amount of 
nitrogen contained in the alpha-amino groups of amino acids by means of 
the Van Slyke gasometric or the Sérensen formol titration method. As is 
generally known, these methods were developed for the analysis of pure 
amino acids or products of protein hydrolysis as applied particularly to 
animal tissues. Since plant extracts usually contain water soluble pigments 
and buffering substances which interfere with the formol titration, the 
Van Slyke method is more frequently employed. 

While engaged in some nitrogen partition studies with alcoholic ex- 
tracts of apple leaves (9), the writer observed that the yield of amino nitro- 
gen by the standard Van Slyke procedure was in excess of the total soluble, 
non-protein nitrogen. This finding has repeatedly been confirmed and the 
same error noted in varying degrees in several other plant tissues extracted 
with water or 80 per cent. aleohol. The present investigation was under- 
taken to study the factors responsible for these anomalous results, and to 
develop, if possible, corrective measures. 


Materials and methods 


Plant tissues used in this study included: apple leaves; rhubarb petioles 
and leaves; clover roots and tops; young cabbage; tomato, soy bean, and 
sunflower plants; begonia petioles and leaves; and potato tubers. 

ALCOHOLIC EXTRACTION OF SOLUBLE NITROGENOUS SUBSTANCES.—Repre- 
sentative 100-gm. samples of tissue were preserved in sufficient hot 95 per 
cent. alcohol to give a final concentration of 80 per cent. The alcohol was 
filtered off and the residue extracted eight times with 80 per cent. alcohol 
by the decantation method (9). 

WATER EXTRACTION OF SOLUBLE NITROGENOUS SUBSTANCES.—Similar sam- 
ples of fresh tissue were passed through a Nixtamal mill and weighed por- 
tions of the pulp were ground in a mortar with nitrogen-free sand and 
water at a temperature of 25° C. The soluble material was expressed by 
hand through finely woven cloth. The residue was again ground in the 
mortar and the process repeated until complete extraction of the soluble, 
non-protein nitrogenous substances was obtained. 


Analytical procedure 


TOTAL NON-PROTEIN NITROGEN.—Total nitrogen of the protein-free ex- 
tracts was determined by the Kjeldahl method. When it was possible to 
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demonstrate the presence of nitrates by the diphenylamine test, the modi- 
fied method of Pucuer et al. (6) was used. 

ALPHA-AMINO NITROGEN.—AI] amino determinations were made with the 
Van Slyke micro-apparatus, using 2- or 4-ml. aliquots. Blank determina- 
tions and the proper corrections for temperature and pressure were made 
regularly. Deaminization was allowed to proceed for a period of five 
minutes and the usual precautions to insure accurate comparable results 
were consistently observed. Values reported for amino nitrogen are aver- 
ages of duplicate determinations which agreed closely. 

Difficulty was encountered in obtaining a satisfactory anti-frothing 
reagent for use during deaminization. Several samples of caprylie alcohol 
proved unsatisfactory owing to the formation of a large blank. A number 
of other materials were tested in blank determinations and with plant 
extracts. Of these toluene proved the best. When used in 0.25-ml. por- 
tions the troublesome frothing was largely suppressed. 


Experimental results 
SUBSTANCES IN PLANT EXTRACTS CAUSING ERRORS IN THE VAN SLYKE METHOD 


AmmoniA.—It is well known that ammonia reacts with nitrous acid in 
the amino determination, liberating free nitrogen. VAN SLYKE reported 
(13) that 36.3 per cent. of the ammonia contained in an M/5 solution of 
ammonium sulphate was liberated in five minutes by nitrous acid in the 
macro-apparatus. It seemed desirable to repeat this experiment under the 
conditions encountered in this study. Solutions containing 1.0, 0.5, 0.25, 
and 0.125 mg. of ammonia per ml. were prepared from ammonium sulphate 
and 4-ml. aliquots analyzed in the micro-apparatus. It was established that 
the yield of nitrogen was a linear function of the concentration of ammonia 
and approximately constant under a given set of conditions. Thus in one 
set of experiments, conducted at a temperature of 30° C. and barometric 
pressure of 765 mm., an average of 35.2 per cent. of the ammonia was ob- 
tained as amino nitrogen following a 5-minute deaminization period. This 
percentage recovery was found to vary from time to time, being influenced 
apparently by temperature, time, rate of deaminization, ete. Accordingly 
it is doubtful whether attempts to apply a corrective factor for the ammonia 
present in solutions analyzed will prove uniformly satisfactory. Hence 
the removal of free ammonia, if present in appreciable quantities, is neces- 
sary for accurate amino determination. 

It is generally considered that only small amounts of ammonia are found 
in plant tissues. In certain acid plants, however, as the begonia and rhu- 
barb, ammonia may constitute a large proportion of the total soluble, non- 
protein nitrogen. Obviously any amino determinations made on these ex- 
tracts would be greatly in error if the ammonia were not previously re- 










STUART: AMINO NITROGEN 137 


moved. It is of interest to note that CuLPEPPER and CALDWELL (3), who 
have recently studied the nitrogen metabolism of rhubarb in some detail, 
encountered difficulty in interpreting the results of their amino determina- 
tions. These investigators attributed the irregularities and fluctuations of 
their data to the effect of preservation and storage of the tissue in alcohol. 
While this is undoubtedly a factor, the ammonia content of the tissues, 
which apparently was not considered, would vitiate the results of the amino 
determinations if the rhubarb used in the present study was at all com- 
parable. 

Frequently plants grown under disturbed nutritional conditions are 
used for analytical studies. Under such conditions ammonia accumulation 
often occurs as a result of a breakdown in the nitrogen metabolism. Am- 
monia may also increase in stored alcoholic extracts of plant tissues, ac- 
cording to WEBSTER (15). For these reasons some investigators, as THOMAS 
(11), Curpnaut (2), NIGHTINGALE (4), and others, have employed methods 
whereby the ammonia is removed prior to the amino determination. This 
may be accomplished by a preliminary distillation to remove the free am- 
monia. In some instances the amide linkages are hydrolyzed and the total 
ammonia is then removed prior to making the amino determinations. This 
procedure measures all of the free alpha-amino groups, but some hydrolysis 
of peptide linkages may have occurred during the amide hydrolysis. Fre- 
quently the filtrate from the phosphotungstie acid precipitate of basic 
nitrogen is analyzed for amino nitrogen. This filtrate contains only the 
mono-amino acids and simple peptides. 

DERIVATIVES OF PHENOLS.—Investigation disclosed that the di- and tri- 
hydrie phenols and their acid derivatives (as the tannins) were readily 
oxidized in the Van Slyke determination with the formation of gases diffi- 
cultly soluble in the alkaline permanganate. The amount of this gas de- 
creased somewhat upon long continued contact with the permanganate. 
The amount of gas formed seemed to be correlated with the number and 
position of the hydroxyl groups present in the compound. Thus the tri- 
hydrie phenol, phloroglucinol, yields considerably more gas than the di- 
hydric resorcinol. When the hydroxyl groups are present in the ortho 
position, as in catechol or pyrogallol, much less of the insoluble gas is pro- 
duced. Intermediate values were obtained for hydroquinone which has 
the para grouping of the hydroxyls. Ordinary phenol has little effect. It 
would therefore be expected that the compounds which occur in plants as 
esters and glucosides would react with nitrous acid according to the type 
of linkage, number of free hydroxyl groups, orientation of these groups, 
and probably other factors which are still obscure. 

The tannins, which may be regarded as phenol acids, or glucosides of 
these acids, are widely distributed in plant tissues. Pure tannic acid 
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(Merck’s) reacts readily with nitrous acid, forming a gas which would be 
measured as nitrogen in the amino determination. Extracts of oak galls 
known to contain large quantities of tannin were also found to react in the 
same manner. Many other so-called secondary plant substances are known 
to contain phenolic groups. Such a compound, for instance, is the glucoside 
phlorizin in which phloroglucinol occurs as an ester. This material is 
known to be present in apple tissue in large quantities. Pure phlorizin 
was found to react in the amino determination with the formation of small 
quantities of insoluble gas. 

MISCELLANEOUS SUBSTANCES.—A further source of error lies in the com- 
pounds extracted with 80 per cent. alcohol but insoluble in water. When 
these compounds, consisting of pigments, lipides, and other material of 
indefinite composition, are suspended in water and introduced into the Van 
Slyke apparatus, a variable amount of gas insoluble in the alkaline per- 
manganate is obtained. It is, however, a simple matter to remove these 
materials by the addition of a small amount of toluene or chloroform to the 
concentrated water suspension remaining after the removal of the alcohol. 
The writer prefers chloroform since it sinks to the bottom of the flask, carry- 
ing the lipides with it and permitting the clear supernatant extract to be 
withdrawn. The possibility must be kept in mind that other chemical 
groups may react with nitrous acid, reducing it to nitrogen gas or liber- 


ating other insoluble gases. Tangible evidence for this suggestion is af- 
forded by the well known fact that ethyl alcohol and acetone form large 
quantities of gas when subjected to the conditions of the amino deter- 
mination. 


PROCEDURES TO REDUCE ERRORS IN THE VAN SLYKE METHOD WHEN APPLIED 
TO PLANT EXTRACTS 


In order to discover the most satisfactory method to reduce errors in 
the Van Slyke method when applied to plant extracts, several plant tissues 
were extracted with water and with 80 per cent. alcohol, and the extracts 
were subjected to different treatments prior to the determination of amino 
nitrogen in the extracts. The soluble proteins were removed from the water 
extracts with colloidal ferric hydroxide as described by THomas (10). The 
pigments, lipides, etc., were removed from the alcoholic extracts by adding 
chloroform to the alcohol-free filtrates. The emulsion was flocculated with 
magnesium sulphate as previously described (9).1 Suitable aliquots of 
these partially cleared water and alcoholic extracts were then subjected to 
further treatments. 


1 This method was originally suggested by Dr. T. G. PHiLLIps of the University of 
New Hampshire. 
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PRECIPITATION WITH NEUTRAL LEAD ACETATE SOLUTION.—One lot of ali- 
quots was further cleared with saturated neutral lead acetate. The excess 
lead was removed with anhydrous sodium oxalate. 

ADSORPTION WITH DECOLORIZING CARBON.—A second lot of aliquots was 
stirred at intervals with decolorizing carbon for one hour, filtered, washed, 
and the filtrates concentrated. The degree of adsorption is admittedly in- 
definite and probably depends upon the concentration of adsorbent and 
extract and the time. As far as possible these factors were kept constant. 

ADSORPTION WITH CALCIUM OXIDE.—To a third lot of aliquots sufficient 
calcium oxide was added to make the extract slightly alkaline. The mix- 
ture was stirred at intervals for one hour, filtered, washed, and the filtrate 
concentrated after making faintly acidic with acetic acid. 

DISTILLATION WITH SOLID CALCIUM OXIDE.—Distillation of a fourth lot of 
aliquots with solid calcium oxide under reduced pressure for one hour at 
40°-45° C. was carried out in the usual VAN SLYKE ammonia apparatus 
(12). <A slight excess of calcium oxide was used as determined by pre- 
liminary titration of a small portion of the extract. The extract was 
filtered from the calcium, washed, acidified with acetic acid, and concen- 
trated. The ammonia was collected in 0.02 N acid and titrated to a methy- 
lene blue-methyl red indicator with 0.02 N base. This method was devel- 
oped by PLIMMER and RoseEDALE (5) to permit controlled alkalinity in the 
determination of ammonia by the Van Slyke method. The same method 
was later applied to extracts of apple wood and leaves by THomas (11), who 
noted that this method, besides removing the ammonia, adsorbed the mate- 
rials which cause frothing during deaminization. The results of the present 
study have fully confirmed the findings of these investigators, and in ad- 
dition have shown that this distillation results in a decrease in the amount 
of gas measured as amino nitrogen. The results of these preliminary 
analyses are shown in tables I and II. 

The data in tables I and II indicate that all treatments resulted in a 
decrease in amino nitrogen as compared with the direct determination on 
the extracts which were only partially clarified in removing the alcohol, 
lipides, protein, ete. This decrease was fairly uniform for a given tissue 
when treated with the precipitating and adsorbing agents, but in no in- 
stance was it so great as that obtained by distillation. The latter method 
was accordingly selected for further study. The pronounced difference be- 
tween the amounts of nitrogen extracted by water and by alcohol is typical 
of many analyses and will be discussed in a later section of this paper. 

The possibility must be kept in mind that the distillation procedure as 
previously described may result in a loss of amino acids through occlusion 
or other means, thereby accounting for a portion of the reduction in yield. 
Since there are no methods for determining the absolute amount of any 
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TABLE I 


AMINO NITROGEN IN WATER EXTRACTS OF PLANT TISSUES AFTER DIFFERENT TREATMENTS 
OF THE EXTRACTS 











WATER EXTRACTS OF 100 GM. OF FRESH TISSUE 











TREATMENT OF EXTRACTS APPLE LEAVES | TOMATO PLANTS POTATO TUBERS 
AMINO N | AMINO N AMINO N 
mg. | mg. mg. 


Colloidal ferric hydroxide to re- | 
move soluble proteins . 80.3 38.5 148.0 





Further treatments of protein 
free extracts: | | 


Neutral lead acetate ........... | 34.1 33.1 143.3 
Carbon. ........... EO : 30.7 33.3 140.7 
Calcium oxide 33.5 | 33.4 137.6 
Distillation with calcium oxide 22.4 30.5 123.8 











TABLE II 


AMINO NITROGEN IN 80 PER CENT. ALCOHOLIC EXTRACTS OF PLANT TISSUES AFTER DIFFERENT 
TREATMENTS OF THE ALCOHOL-FREED EXTRACTS 








ALCOHOLIC EXTRACTS OF 100 GM. OF FRESH TISSUE 

















TREATMENT OF EXTRACTS APPLE LEAVES TOMATO PLANTS | POTATO TUBERS 
AMINO N AMINO N AMINO N | 

mg. mg. | mg. 
Chloroform to remove pigments, | | 

BREE eine Dae 44.0 | 27.7 83.5 
Further treatments of pigment 
and lipide free extracts: | 

Neutral lead acetate 19.5 | 23.2 78.2 

NE oi ase 18.5 21.8 76.0 

Calcium oxide ......... } 20.7 21.6 78.2 

| : 
Distillation with calcium oxide 14.8 | 20.4 70.2 








plant constituent, this question cannot be definitely answered. However, 
numerous tests with the pure amino acids, leucine and arginine, and the 
half-amide of aspartic acid, asparagine, resulted in quantitative recovery 
after the distillation. Pure amino acids could also be quantitatively re- 
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covered when added to plant extracts which had previously been distilled 
with calcium oxide and analyzed for amino content. Furthermore, when 
the amino acid solutions were added to the partially clarified but undistilled 
plant extracts, the theoretical value could be obtained by analysis after 
distillation. Their value was determined by distilling other aliquots of 
the same extract without addition of amino acids and noting the decrease 
in amino value. 

Quadruplicate determinations on individual extracts were found to 
agree closely. Certain extracts were redistilled and it was established that 
no further decrease occurred after the first treatment. On the basis of 
these studies it is concluded that treatment with calcium oxide has no effect 
on the amino acids contained in plant extracts. The decrease in yield must 
then be due to other factors. 

The calcium oxide residue remaining after distillation was subjected to 
study. It was found possible to remove the adsorbed material with acetic 
acid, and after neutralization it could be analyzed directly. Small amounts 
of gas measured as nitrogen in the Van Slyke determination were obtained 
which varied with different extracts. The amounts, however, could not 
account for the magnitude of the reduction in amino nitrogen brought about 
by distillation. The distillation must have exercised some denaturing effect 
on the interfering substances. Aside from precipitating or occluding cer- 
tain materials on the surface of the calcium oxide, an oxidizing effect should 
be obtained as well, since a stream of air is drawn through the suspension. 
Under such conditions it was observed that tannic acid as well as the tannin 
from oak galls could be quantitatively precipitated or denatured so that no 
gas insoluble in alkaline permanganate was liberated in the amino deter- 
mination. Distillation with calcium oxide was therefore considered to be 
the best method since its use removes the free ammonia, adsorbs the mate- 
rials which cause frothing during deaminization, and precipitates or dena- 
tures the tannins. 

After this investigation had been completed the work of RAHN (7) came 
to the writer’s attention. This worker noted that when plant extracts were 
treated with tannic acid to precipitate the soluble protein, difficulty was 
encountered in making the amino determination by the Van Slyke method. 
The difficulty was attributed to a reduction of nitrogen trioxide, N,O,, said 
to arise in the determination, to elemental nitrogen. It is generally con- 
sidered that nitric oxide, NO, rather than N,O,, arises in the determination. 
The latter compound is formed only at low temperatures from NO and NO, 
and at room temperature would not exist. RAHN reported that the tannic 
acid could be satisfactorily removed by allowing the extract to stand one 
day with a concentrated solution of potassium bichromate. Tannic acid is 
seldom used as a protein precipitant in this country. The widespread 


ay te i a a i a ar 

































142 PLANT PHYSIOLOGY 


occurrence of tannins in plant tissue, however, makes it imperative that 
their effect be removed before estimation of amino nitrogen. This is par- 
ticularly important when tissues containing but a small amount of amino 
nitrogen are analyzed. 


LIMITS OF ERROR IN AMINO NITROGEN DETERMINATION IN DIFFERENT TISSUES 


In order to gain some information concerning the limits of error in 
amino nitrogen that may normally occur in tissues frequently analyzed, a 
number of such tissues were extracted with water and 80 per cent. alcohol 
and the amino content estimated before and after distillation with calcium 
oxide. The total soluble, non-protein nitrogen was also determined. The 
results appear in table III. 

Without exception distillation with caleium oxide reduced the amount of 
‘‘amino’’ nitrogen ranging from 6.1 to 84.9 per cent. of the values deter- 


TABLE III 
TOTAL SOLUBLE, NON-PROTEIN NITROGEN, AND AMINO NITROGEN IN VARIOUS PLANT EXTRACTS 
BEFORE AND AFTER DISTILLATION WITH CALCIUM OXIDE. RESULTS 
EXPRESSED AS MG. PER 100 GM. OF FRESH TISSUE 


























L : AMINO NITROGEN IN PLANT EXTRACTS 
SOLUBLE 
TISSUE METHOD OF NON-PRO- BerorE | AFTER PERCENT- 
saemaeteel TEIN DISTILLA- | DISTILLA- | DECREASE | AGE DE- 
TION | TION CREASE 
mg. mg. | mg. mg. % 
Cabbage 80% alcohol 23.8 14.3 10.8 3.5 24.5 
plants Water 51.5 23.6 | 19.3 | 4.3 18.2 
| 
Clover 80% alcohol 75.6 32.8 | 29.2 | 3.6 11.0 
tops Water | 133.3 47.9 44.6 3.3 6.9 
| 
Clover 80% alcohol 117.2 48.7 41 7.0 14.4 
roots Water | 170.2 | 60.7 56 4.5 7.4 
Soy bean 80% aleohol | 105.7 | 43.0 39.0 4.0 9.3 
plants Water | 163.0 55.4 | 52.0 3.4 6.1 
Sunflower 80% aleohol | 26.9 | as | 1.5 24.6 
plants Water | 34.7 | 10.9 9.5 1.4 12.8 
Begonia { | 80% alcohol | 24.3 | 7.9 84.9 
petioles 2 | Water | 42.9 } 118 3.9 7.4 65.5 
Begonia 80% alcohol 15.4 86 | 3.9 4.7 54.7 
leaves Water 32.2 10.6 5.5 5.1 48.1 
Rhubarb 80% alcohol | 65.0 17.4 8.2 14.2 81.6 
petioles Water | 77.8 19.1 6.7 12.4 64.9 
| 
Rhubarb 80% alcohol | 59.0 24.6 10.6 14.0 56.9 
leaves Water 99.3 30.3 | 18.1 12 40.3 
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mined before distillation of the extracts with calcium oxide. Distinct tissue 
differences are evident which must depend upon the amount of non-amino 
substances free to react in the determination. In most cases good agree- 
ment is evident between the decrease in amino value of both water and alco- 
holie extracts of the same tissue, in spite of the fact that greater amounts of 
amino nitrogen were invariably removed by the water. Since the size of 
the aliquot distilled represented a much greater proportion of the total ex- 


TABLE IV 


AMMONIA AND AMINO NITROGEN IN EXTRACTS OF NORMAL AND PHOSPHORUS DEFICIENT TOMATO 


PLANTS. RESULTS EXPRESSED AS MG. PER 100 GM. OF TISSUE, FRESH WEIGHT BASIS 

















AMINO NITROGEN IN EXTRACTS 
AMMONIA BEFORE APTER 
GROWTH 
TISSUES IN — — PERCENTAGE 
CONDITIONS LATION LATION DECREASE 
EXTRACTS ; 
WITH WITH oe 
CaO CaO 
mg. mg. mg. mg. % 
Normal 11.7 20.3 14.1 6.2 30.5 
Upper 
leaves Phosphorus 22.6 25.9 16.1 9.8 37.8 
deficiency 
Normal 13.5 20.8 14,2 6.6 31.7 
Lower 
leaves Phosphorus 19.3 27.2 19.2 8.0 29.4 
deficiency 
{ | Normal 19.4 25.4 18.0 7.4 29.1 
Upper 
stems Phosphorus 29.3 31.4 21.2 10.2 32.5 
deficiency 
Normal 29.9 40.9 30.1 10.8 26.4 
Lower 
stems Phosphorus 83.3 65.2 37.2 28.0 42.9 
deficiency 
Normal 13.5 20.7 13.7 7.0 33.8 
Roots Phosphorus 26.4 26.3 17.1 9.2 35.0 
deficiency 


























tract in the case of the alcoholic extracts than with the water extracts, the 
possibility of the decrease being due to occlusion or destruction of the amino 
acids through errors in the determination seems precluded. The percentage 
decrease of amino nitrogen was always greater in the case of the alcoholic 
extracts, owing to the smaller original amino content. 

The analyses reported in tables I, II, and III were carried out with freshly 
extracted tissues. Accordingly it seemed desirable to investigate the be- 
havior of plant extracts which had been subjected to typical laboratory con- 
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ditions. Tomato plants were grown in a complete nutrient solution and in 
a solution deficient in phosphorus, during the spring of 1932, the continuous 
renewal type of water culture being used. The plants were sampled for 
analysis in June, using the alcohol preservation method which has been de- 
scribed. Each series of plants was divided into upper and lower stems, 
upper and lower leaves, and roots. The primary branches were included 
with the stems, secondary branches and petioles with the leaves. The 
samples were extracted eight times by the decantation method during Octo- 
ber, 1932. The extracts were made to definite volumes, sealed, and allowed 
to stand six months. At the end of this period suitable aliquots were with- 
drawn and analyzed for amino nitrogen before and after distillation with 
calcium oxide. The amount of ammonia present in the extracts was deter- 
mined by the Sessions and SHIVE aeration method (8). The results are 
shown in table IV. 

A considerable difference exists between normal and phosphorus defi- 
cient plants in ammonia content. Indeed the ammonia content of the de- 
ficient plants is greater than their amino nitrogen content, which in turn is 
greater than the amino content of the normal plants. Such a large amount 
of ammonia would be expected to give erroneous amino values and the data 
indicate that this is the case, the amount of error ranging from 26.4 to 42.9 
per cent. of the direct determination. The amino values after distillation 
are not greatly different in the normal and in the phosphorus deficient 
plants, whereas the direct determination exhibited much wider differences, 
particularly in the lower stems. It is obvious that determining the amino 
nitrogen in the presence of appreciable amounts of ammonia results in an 
overlapping of the nitrogen fractions. As a result the residual or ‘‘other’’ 
nitrogen is too low. At the present time investigators assign considerable 
importance to this fraction in the interpretation of metabolism studies. In 
the stems and roots the concentration of ammonia is sufficient to account for 
the decrease in ‘‘amino’’ nitrogen after distillation. In the leaves, however, 
other substances must have been present which added to the ammonia error. 


Effect of alcoholic storage on amino nitrogen 


Recently Wesster (14, 15) has reported that stored alcoholic extracts 
of plant tissue usually increase in ammonia and decrease in amino nitrogen. 
In WEBsTER’s work the free ammonia was apparently not removed from the 
extract before making the amino determination. Since the ammonia con- 
tent of the extracts increased, the direct determination of amino nitrogen 
should show an increase as well unless the ammonia arises through deamini- 
zation of the alpha-amino groups. If the ammonia does increase in this 
manner, then extracts should show even greater decreases after the removal 
of this ammonia than when the determinations are made without such treat- 
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ment. Furthermore, the question naturally arises whether or not the ob- 
served decrease in amino nitrogen may be due to transformations of the 
non-amino reacting substances other than ammonia. 

Preliminary experiments designed to throw some light on these ques- 
tions have been carried out with alcoholic extracts of tomato leaves and 
stems stored in light and darkness. The results of periodic analyses clearly 
confirm the conclusions of WessTeR. In one instance with extracts of 
tomato stems the amino content decreased 35.8 per cent. in the dark and 
47.3 per cent. in the light during a storage period of five months. The am- 
monia content, estimated before making the amino determinations, steadily 
increased. The rate of increase in ammonia and decrease of amino nitrogen 
was most rapid during the first four weeks of storage. The loss of amino 
nitrogen was far greater than could be accounted for by the increase in am- 
monia. This decrease must represent an actual change in the amino groups 
so that they are not free to react with nitrous acid. The mechanism of the 
change is not clear. It is probable that considerable variation might exist 
in other tissue extracts. Aiso the rates might be somewhat different during 
storage in alcohol before complete extraction. However, the common prac- 
tice of preserving large numbers of samples which cannot be analyzed for 
long periods of time must be questioned. 


Comparison of water and 80 per cent. alcohol as extractives 
of soluble nitrogen 


The data contained in tables I, II, and III permit a direct comparison to 
be made between water and 80 per cent. alcohol as extractives of soluble 
nitrogen and amino nitrogen. Without exception extraction with water re- 
moved larger amounts of nitrogen than did alcohol. In fact, the magni- 
tude of the differences raises some question as to the value of 80 per cent. 
aleohol as an extractive of the nitrogenous substances. In some instances 
50 per cent. alcohol has proved to be about as effective as water for extrac- 
tion of the soluble nitrogen. In nitrogen partition experiments with potato 
tubers it was established that 97 per cent. of the non-protein nitrogen re- 
moved with water could be extracted from similar samples with 50 per cent. 
alcohol by volume. In such eases the tissue is best preserved in 80 per cent. 
aleohol, the subsequent extractions being made with 50 per cent. alcohol. 
It would seem that this method (1) is deserving of further study and use 
when large numbers of samples must be handled in a limited period of time. 

The writer has frequently found that the excess of total soluble, non- 
protein nitrogen removed with water over that removed with 80 per cent. 
alcohol is reflected in higher concentrations of all the soluble fractions, with 
the exception of ammonia or other volatile bases measured as ammonia. 
This difference is usually most pronounced in the basic fraction. The in- 
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crease is not due to incomplete removal of the soluble protein from the 
water extracts, as preliminary experiments with other protein precipitants, 
acetic acid, trichloracetic, etc., gave entirely similar results. The possibility 
of proteolytic enzyme activity was restricted to a minimum since in this 
work duplicate samples of but a single tissue were taken for extraction at a 
time, thus permitting prompt treatment of the extracts. It is realized that 
not all tissues in their fresh state lend themselves to extraction with water. 
However, it seems desirable whenever possible in nitrogen partition studies 
to employ fresh tissue and water extraction. 


Discussion 


In this paper evidence has been presented indicating that the conven- 
tional methods for the determination of amino nitrogen in plant extracts 
may give erroneous results. It has been shown that the preliminary distil- 
lation with calcium oxide as outlined made possible the determination of 
amino nitrogen values which more closely approached the true values. The 
importance of this treatment depends upon the tissue involved. In a com- 
paratively wide range of plant tissues there was a decrease in amino 
nitrogen when distilled with calcium oxide, but these data must be regarded 
as relative rather than absolute. While the composition of any species is 
doubtless fairly well defined, wide fluctuations in the proportions of the 
various fractions may occur through differences in physiological age, min- 
eral and organic nutrition, ete. That the amount of amino nitrogen as well 
as of the non-amino substances concerned will be influenced is certain. Aside 
from the errors involved in the actual amino determination, it is evident 
that the preservation and extraction of the tissue may greatly influence the 
results. The necessity of a careful preliminary study of the properties of 
a tissue before undertaking extensive analytical work must be emphasized. 


Summary and conclusions 


1. Treatment of plant extracts with neutral lead acetate, decolorizing 
earbon, and solid calcium oxide invariably resulted in a decrease of gas 
measured as amino nitrogen by the Van Slyke method. Evidence is pre- 
sented supporting the validity of the method of low-temperature distilla- 
tion with solid calcium oxide under reduced pressure which resulted in 
maximum decrease in all cases. 

2. Acid derivatives of the phenols, as the tannins, were found to react 
with nitrous acid in the amino determination producing gases measured as 
nitrogen. This error is eliminated by distillation with calcium oxide. 
Limits of error caused by the presence of ammonia are discussed. 

3. Reductions in gas measured as amino nitrogen ranging from 6.1 to 
84.9 per cent. were found in twelve plant tissues extracted with water and 
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80 per cent. alcohol after distillation with calcium oxide. Five plant frac- 
tions of normal and phosphorus-deficient tomato plants showed similar 
decreases of 26.4 to 42.9 per cent. after ten months’ storage in alcohol. 

4. Alcoholic storage of tomato plant extracts was found to result 
in marked increases in ammonia nitrogen and decreases in alpha-amino 
nitrogen. 

5. With nine plant tissues 80 per cent. alcohol extracted an average of 
only 63.7 per cent. as much soluble non-protein nitrogen and 66.9 per cent. 
as much alpha-amino nitrogen as was removed with distilled water at a tem- 
perature of 25° C. 
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GROWTH, ORGANIC NITROGEN FRACTIONS, AND BUFFER 
CAPACITY IN RELATION TO HARDINESS OF PLANTS? 


S. T. DEXTER? 


Introduction 


Since the evidence in the literature has become somewhat confused upon 
several points relating to winter hardiness in plants, it seemed desirable to 
investigate some of the points of controversy according to a newer technique 
and with the benefit of more specific information that has recently become 
available. The newer emphasis, that hardiness does not exist as such in a 
hardy variety, but that it must be developed, has been the result of the 
work of a number of investigators. Within the past year or two it has been 
shown that winter wheat plants of the most hardy varieties harden only 
poorly when placed at a low temperature in the dark (15, 3). The whole 
matter of increase in resistance to cold has been connected with opportunity 
for photosynthesis, storage of organic foods, low respiration, and slight 
vegetative growth (3, 7). 


Experimentation 


In the first experiment it seemed desirable to know whether winter 
wheat plants added materially to their dry-matter content if stored in a 
cold-room with artificial illumination. Minhardi plants were grown to an 
age of three weeks in the greenhouse, after which a part of the crop was 
moved to a room at 2° C. 

In all experiments reported in this paper the plants were grown in 
quartz sand cultures with nutrient solutions. Six pots with 25 plants each 
were harvested prior to cold-room treatment, six were stored in the dark at 
2° C., and six were stored in continuous light at 2° C. After two weeks 
the plants in the cold-room were harvested. The hardiness of the plants 
was determined before and after storage by the freezing-exosmosis method 
of Dexter et al. (6). Table I shows the results of this experiment. Since 
the pots were very uniform, only totals are given. 

From the table it would appear that the plants made marked growth, 
as seen by the more than doubling of the weight of the dry matter contained 
in them. It was not possible, however, to distinguish the two sets visually 
after removal from the cold-room. Increase in the length of the leaves 
was hardly more than the experimental error. The plants that were stored 
in the light in the cold-room were materially lower in total nitrogen per 

1 Contribution from the Laboratory of Plant Physiology, University Farm, St. Paul, 


Minnesota. 
2 National Research Fellow at the University of Minnesota. 
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TABLE I 
GROWTH OF WINTER WHEAT (MINHARDI) AT 2° C. SHOWING CHANGES IN HARDINESS WHEN 
ILLUMINATED AND WHEN STORED IN DARKNESS 





























FREEZ- 
Tors Roots ING IN- 
JURY. 
= TOTAL |SPECIFIC 
SAMPLE , DRY CON- 
feta TOTAL Niaiesieae _ WT. DUCTIV- 
Dry }REEN Dry uate GREEN wT. . JCTIV 
MATTER| WT. WT. “ae : WT. LESS ITY 
s ASH x 10°, 
25° C, 
% | gm, gm. gm. gm. gm, gm, 
At the start 14.0 | 51.7 7.2 | 0.218 42.4 4.8 12.0 99.1 
14 days 2° C. | 
dark . - 14.1 55.3 7.8 0.267 40.7 4.7 12.5 98.5 
14 days 2° C. | | 
light. ...... ; 229 | 743 272 0.444 54.8 9.1 26.2 40.0 








gram dry matter than the other sets, although the total nitrogen per plant 
was much greater in them. It is evident that the plants which received 
illumination carried on active photosynthesis and took up nitrogen from 
the soil at the temperature of 2° C. These plants hardened materially, 
whereas the hardening in the plants stored in the dark was hardly per- 
ceptible. Analysis showed that the content of reducing sugars in the plants 
stored in the dark had dropped to a mere trace during the period in the 
cold-room. 

In the next experiment, winter wheat plants were grown for two weeks 
in the greenhouse with a full nutrient solution. At the end of that time 
the nitrogen was washed from half the pots, and the plants were allowed 
to grow for two weeks without nitrogen in the nutrient medium. Calcium 
chloride was substituted for calcium nitrate. At the end of two weeks 
without nitrogen, extracts from the minus-nitrogen plants gave no test for 
nitrates with diphenylamine and the plants were presumed to be virtually 
free from inorganic nitrogen. They showed every evidence of nitrogen 
deficiency. 

By means of this experiment it was hoped that several points might be 
clarified: (1) Does the commonly reported increase in soluble organic 
nitrogen result from uptake from the soil, or is it due to breakdown of 
proteins? (2) Does the winter wheat plant require nitrogen in the soil 
during hardening? (3) Will minus-nitrogen winter wheat plants harden 
at a low temperature in the dark? 

The organic nitrogen fractions in the plants were determined in the 
following way. Fresh samples (20 plants) were treated with ether and 
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ground to a smooth paste with quartz sand. The sample was made to a 
definite volume with tenth normal potassium sulphate, centrifuged, and the 
residue washed and centrifuged three times. The resulting suspension was 
coagulated with heat, after adding a few drops of acetic acid. The coagu- 
lated material was removed by filtration. The three fractions were deter- 
mined separately, 7.e., the soluble or non-coagulable fraction, the coagulable 
fraction, and the fraction thrown out by the centrifuge. It was not found 
possible to obtain checks on duplicates for the latter two determinations, 
although the ‘‘soluble’’ fraction gave good checks. The ‘‘soluble’’ nitrogen 
is reported, then, as the percentage of the total nitrogen in the plants. On 
this basis the duplicate samples checked well. Table II gives the results of 
this experiment. The experiment was repeated, with the additional 
analyses for amino nitrogen (Van Slyke), and for carbohydrates. Table II 
includes these figures. According to a similar idea, samples of cabbage 
leaves were prepared from plus-nitrogen plants, deficient in starch and 
actively growing, and from minus-nitrogen plants high in starch. Samples 
to be compared in any regard consisted of half-leaves, split at the midrib. 
One set was analyzed as it came from the greenhouse, the other after stor- 
age in a moist chamber at 2° C. in the dark for 7 days. 

Table II appears to answer the first question as to the increase in 
soluble organic nitrogen in plants stored at a low temperature. Several 
workers have noted this increase and have attributed the increase in hardi- 
ness partly to this cause (10,6). Ina recent paper NEwTOon et al. (12) con- 
cludes that the increase in soluble nitrogen, especially in alpha amino form, 
is due to the occasional freezing of the plants during the early winter 
season. The plants in this experiment were not frozen, however. That 
the increase in soluble nitrogen comes from the breakdown of proteins 
seems probable from the figures presented in the table. Plants which gave 
no tests for nitrate nitrogen increased as much in soluble nitrogen as those 
liberally supplied with the element in nutrient solutions, and in which 
liberal amounts were present, according to the diphenylamine test. 

Table II presents the data relating to hardening of these plants at 2° C. 
both in light and in darkness. Since it was anticipated that the samples 
might differ greatly in total soluble extractable electrolytes, samples were 
killed by heating and extracted to give the total salts in the same volume of 
water as was used for the freezing-exosmosis test (4). The samples of winter 
wheat crowns were frozen at — 8° C. for two hours; the cabbage at — 6° C. 
for two hours. The table shows that winter wheat plants high in carbo- 
hydrates, due to nitrogen starvation, hardened well in the cold room. 
Those in the light hardened more than those in the dark, but in either case 
mineral nitrogen did not seem to be necessary for the hardening process. 
High-carbohydrate plants of either wheat or cabbage hardened well in the 
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dark; low carbohydrate plants little or not at all. If illuminated, plus- 
nitrogen plants hardened well. 

To summarize the results of this experiment it may be stated that: 
(1) Proteins are split in the plants stored at this low temperature entirely 
regardless of the hardening process. In every case the plants which 
hardened least increased most in soluble nitrogen. (2) Cabbage and winter 
wheat plants do not require nitrogen from outside the plant to carry on 
the hardening process. (3) Minus-nitrogen plants, high in starch, 
hardened well at 2° C. without illumination, in sharp contrast with those 
low in carbohydrates. 

Certain elements were not included in the nutrient solutions in the sand 
cultures. The salts used were calcium nitrate, potassium acid phosphate, 
and magnesium sulphate, with traces of iron as phosphate. Tests for 
chlorides in the extracts from the crowns showed mere traces. Seemingly 
chlorides are not necessary in the hardening process but did not prevent it, 
since calcium chloride was used in the minus-nitrogen series. The apparent 
loss of minerals from the samples of winter wheat which harden has been 
described more fully in another paper (4). 

It seemed desirable to investigate the hardening capacity of other minus- 
nitrogen plants. Winter rye, winter barley, and winter oats were grown 
as previously described. As in the case of winter wheat, minus-nitrogen 
plants of rye, barley, and oats were found to harden in the dark at 2° C., 
whereas plus-nitrogen plants hardened very slightly. To a few pots of 
plus-nitrogen plants of these four species, a 2 per cent. sucrose solution 
was added, and the plants set at 2° C. in the dark. With all four cereals 
hardening was somewhat better than the corresponding plants which did 
not receive sugar, but not so complete as the minus-nitrogen plants in the 
dark (2). According to a similar idea, the freshly severed stems of cabbage 
plants were placed in water, in 2.5 and 10 per cent. sucrose solutions, and 
kept in the greenhouse for 40 hours. The samples were then analyzed for 
sugars, for freezing injury at — 6° C., and for ice formed, by the calorimetric 
method. The results were perfectly regular and orderly. More water was 
left unfrozen in the plants placed in 10 per cent. sugar than in 2.5 per cent., 
which in turn showed more unfrozen water than the plants kept in water 
alone. Average water unfrozen in four samples of each was 9.95, 8.70, 
and 6.94 gm. in the 10 per cent. sucrose, the 2.5 per cent. sucrose, and the 
water only, respectively. Injuries, according to specific conductivities 
taken, were 44.5, 59.5, and 75.1 for the samples as just given. The amount 
of total sugars in the plants kept in 10 per cent. sugar was more than double 
that in the others. Peculiarly enough the reducing sugars were about 
twice as great in amount as in the normal plants, although sucrose only 
was supplied. Evidently the plant has a capacity to hydrolyze rapidly 
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sugars furnished in this way. The marked protection against freezing 
injury might well be explained by the decrease in the ice formed. The 
increase in hardiness, however, was far less than can readily be accom- 
plished by simple exposure to low temperatures for a week, during which 
time the increase in sugar is far less than was found in these cases. It 
seems improbable that increase in hardiness can usually be explained in 
such simple terms. 

In another experiment, the buffer capacity of samples of cabbage leaves 
before and after hardening was investigated. Half-leaf samples were again 
prepared from plants high and low in carbohydrates respectively. One set 
of half-leaves was ground with a pinch of quartz sand before exposure to 
cold; the other half-leaves were put to harden in the cold room for seven 
days. They were stored in a moist chamber in the dark. After grinding 
to a smooth paste, the samples were made to a definite volume, and the 
hydrogen ion concentration determined with a hydrogen electrode. Defi- 
nite volumes of tenth normal hydrochloric acid or sodium hydroxide were 
added with a pipette to half the sample, and the hydrogen ion concentration 
again determined, until five additions of acid or base had been made. A 
total of eight samples of each type of sample was run, on two occasions. 
The voluminous data obtained will not be presented in full. In seven out 
of eight samples of cabbage leaves which actually hardened at 2° C., the 
ground leaves were found to be slightly more alkaline after exposure to 
cold than before; in six out of eight samples of low carbohydrate leaves, 
which did not actually harden at 2° C., the leaves were found to be slightly 
more alkaline after exposure to cold than before. Thus whether the plants 
hardened or failed to harden, this response appears to be more or less 
identical. The changes were practically the same in each ease and 
amounted to about 0.2 pH unit. In all cases, however, the plants that were 
high in carbohydrates were distinctly more acid than those low in earbo- 
hydrates. Those high in nitrogen were found to be better buffers, as well, 
either before or after exposure to cold. Exposure to cold did not appear 
to change the buffer capacity in either case. 

The increase in hardiness has been attributed to an increase in soluble 
nitrogen and an increase in buffer capacity. An increase in soluble nitro- 
gen unquestionably occurs on exposure to low temperatures, but it occurs 
to a greater degree in plants that have not hardened than in those which 
have. Newton (11) failea to find a correlation between buffer capacity 
and hardiness in winter wheat. Harvey (8), who reported a definite 
inerease in buffer capacity in cabbage which was hardened, used the ex- 
pressed juice from the plants. This expressed juice, after hardening, is 
usually higher in total solids than before hardening, and might well show 
more buffer capacity since it contains more dry matter. In the technique 
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used in this experiment, however, virtually the same amount of dry matter 
was used in each case. No change in buffer capacity was found in a given 
number of cells or a given amount of material. The increase in soluble 
nitrogen in high carbohydrate plants during exposure to cold is not par- 
ticularly great, since the quantities present are small. In the samples 
analyzed, less than 0.3 mg. of soluble nitrogen was present per gram of fresh 
leaves. Even though this amount almost doubles during exposure to cold, 
it must still be a very small factor in the buffering of the plant juice. The 
amount of soluble nitrogen present in the vegetatively active cabbage plants 
was about four times this amount. 

In view of the findings of these previous experiments, it seemed desir- 
able to reinvestigate the matter of the hardening of plants in an alternating 


TABLE III 


CHANGE IN HARDINESS, SOLUBLE NITROGEN, AND SUGARS IN HALF-LEAF SAMPLES OF CABBAGE 
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temperature. Harvey (9), Tyspau (16), and others in unpublished work, 
have observed increased hardening in plants that were subjected to alter- 
nating temperatures. Frequently these plants were given continuous 
illumination, whether at a constant or an alternating temperature. DEXTER 
(3) and Tyspau (16) have used various lengths of day and night during 
hardening. DeExTER has presented data which seem to indicate that the 
increased hardening under such conditions is due to increased photosyn- 
thesis and greater net storage of organic foods. In the experiment now 
reported, half-leaf samples were stored at 2° C. continuously. The other 
halves were alternated between 2° and 20° C. at approximately 12-hour 
intervals. A third sample, as nearly like the duplicate half-leaf samples 
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as possible, was stored at a constant temperature of 15° C. It was esti- 
mated that the respiration of this sample would be approximately that of 
the sample alternated between 2° and 20° C. The samples were contained 
in moist chambers, in the dark, and no wilting was evident at the end of 
the experiment although those at the higher temperatures were somewhat 
yellowed. Five samples were stored under each temperature condition for 
examination of hardiness. Samples were also prepared for examination 
of change in soluble nitrogen and for sugar analysis. Table III presents 
the data from this experiment. 

From the data given in table III, it can be seen that the samples stored 
at 2° C. hardened a great deal more than duplicate half-leaf samples alter- 
nated from 2° to 20° C. Each set was in the dark. The samples alternated 
appear to be almost precisely as hardy as the samples kept constantly at 
15° C. These were not duplicate half-leaf samples but were as nearly iden- 
tical as possible. The soluble nitrogen in the leaves kept at 2° C. con- 
tinuously is less than half that of the alternated leaves. The increase in 
soluble nitrogen in the alternated leaves evidently did not give them greater 
hardiness. The sugars, and especially sucrose, were higher in the sample 
kept continuously at 2° C. than in either of the other two samples. The 
other two samples agree perhaps as well as could be expected, since they 
were not duplicate half-leaves. These data would seem to support the 
idea previously put forth (3) that if greater hardening is found under 
conditions of alternating temperature, above the freezing point, it is due 
to the greater photosynthesis under those conditions. Alternating tem- 
peratures, with the plants in the dark, or in the light without carbon 
dioxide, do not seem to stimulate the hardening reaction. 


Summary and conclusions 


1. A reexamination of some of the theories of winter hardiness of plants 
has been made. It should be recognized in any work dealing with the 
hardening reaction, that plants which are usually thought of as hardy need 
not necessarily harden if placed at a low temperature. This reaction seems 
to be largely dependent upon the organic nutrition of the plant, if oppor- 
tunity for photosynthesis is denied at the low temperature. 

2. Plants of a hardy variety of winter wheat were grown with excess 
and with minimum nitrogen supplies in the nutrient medium. When 
placed at 2° C. without illumination, it was found that those high in nitro- 
gen did not harden, although there was a considerable increase in soluble 
organic nitrogen in the plants during the period at the low temperature. 
The minus-nitrogen, high-carbohydrate plants hardened well in the dark 
with an increase in soluble organic nitrogen. Sugars increased in the 
high-carbohydrate plants and decreased in the plus-nitrogen plants during 
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such storage. Although the behavior in regard to organic nitrogen was 
almost indistinguishable, the difference in hardening was marked. With 
both sets of plants in the light at a low temperature, hardening was effi- 
ciently carried out, and the increases in soluble organic nitrogen were less 
than with corresponding plants in the dark, where hardening was in all 
eases less. Thus increase in soluble organic nitrogen is no indication of 
increase in hardiness. 

3. Minus-nitrogen, high-carbohydrate plants of winter rye, winter bar- 
ley, winter oats, and cabbage were found to harden at 2° C. in the dark, 
while corresponding plants low in carbohydrates due to surplus nitrogen 
in the nutrient medium did not harden under those conditions. 

4. Cabbage leaves, low in carbohydrates and high in nitrogen, although 
they hardened but little at a low temperature were found to be more alka- 
line and better buffers, both before and after exposure to cold, than leaves 
high in carbohydrates and low in nitrogen. While the samples of both 
sets were generally slightly more alkaline after exposure to cold for a week, 
they were not distinguishably better in buffering capacity than before 
exposure to cold. 

5. Constant low temperature in the dark was more effective in causing 
hardening in cabbage leaves than alternating temperatures in the dark. 
Higher sugar content was found in the samples kept constantly at 2° than 
in samples alternated between 2° and 20° or stored at a constant tempera- 
ture of 15° C. Soluble nitrogen was higher in the alternated leaves than 
in those held at 2° C. 

6. There appears to be a series of reactions which proceed in a plant 
at a low temperature entirely regardless of increase in hardiness. There 
is an increase in soluble organic nitrogen. There is a decrease in respira- 
tory rate which is not correlated with increase or decrease in sugars or 
enzyme activity (5,1). There is, usually at least, an increase in sugars, 
which may or may not be accompanied by decidedly increased hardiness. 
A continued and critical examination of the theories of winter hardiness is 
needed. 
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RELATIONSHIP BETWEEN NITROGEN FERTILIZATION AND 
CHLOROPHYLL CONTENT IN PINEAPPLE PLANTS! 


R. K. Tam anv O. C. MacistTadD 
(WITH TWO FIGURES) 


Introduction 


Since nitrogen is an essential part of the chlorophyll molecule, any 
appreciable lack of it in the mineral nutrient supply of the plant should 
result in a suppression of chlorophyll formation. The extent of this sup- 
pression would, of course, be modified if there were a deficiency in other 
growth factors such as light, iron, magnesium, carbon dioxide, and water. 

It is the purpose of this paper to show the relationship existing in leaves 
of pineapple plants between the total chlorophyll (a+) concentration and 
various amounts of nitrogen applied as fertilizer in a series of field experi- 
ments. 

According to ScHERTz (8), VILLE in 1889 was probably the first investi- 
gator to note a definite relationship between nitrogen supply and chloro- 
phyll formation. The color of the plants observed varied according to the 
amount of nitrogen applied. Similar observations were made by PINCKNEY 
(5) in the ease of sorghum fertilized with sodium nitrate. 

Sweris (unpublished data) has shown that leaves of pineapple plants 
receiving very large quantities of nitrogen had an inereased content 
of amino acid and chlorophyll. 

ScuHertz (6), working with Coleus blumei (var. Golden Bedder), found 
that the mottling of leaves was due to a lack of nitrogen and could be pre- 
vented by the addition of sodium nitrate. The addition of iron, magne- 
sium, calcium, or phosphate failed to prevent mottling and subsequent 
shedding of the leaves by the plant. On the other hand, Bricas, JENSEN, 
and McLane (1) were unable to establish a relationship between the per- 
centage of leaves mottled and the total nitrogen content in the soil in both 
the orange and lemon groves studied. In a later investigation Scurerrz (8) 
concluded that the amount of nitrogen supplied correlated with the amount 
of chloroplast pigments present in the fresh green leaves of cotton 
and potato plants. 

Unvin (10) recently found that more chlorophyll was produced by 
plants of sugar cane receiving nitrogen as nitrate than by those receiving 
nitrogen as ammonia at each of three soil temperatures. The application of 
1 to 15 p.p.m. of iron caused a marked increase in chlorophyll formation. 

1 Published with the approval of the Director as Technical Paper no. 77 of the Pine- 
apple Experiment Station, University of Hawaii. 
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Guturtie (3) showed that the availability of nitrates affected the chloro- 
phyll content of plants differently during winter and spring. The lack of 
nitrates in winter did not induce any chlorophyll loss, but in spring a great 
reduction occurred when there was an insufficient supply of nitrates. 


Experimentation 
MATERIAL 


Total chlorophyll (a+) determinations were made on pineapple leaves 
from four field experiments. Table I gives the location, number of plants 
per acre, and fertilization rate in pounds of nitrogen per 1000 plants for 
each of the treatments in the four experiments. The amount of nitrogen 
indicated was applied during the growing period of approximately 20 
months. 

















TABLE I 
DESCRIPTION OF FIELD EXPERIMENTS FROM WHICH LEAF MATERIAL WAS 
OBTAINED 
EXxPERI- | 
PLANTS FERTILIZATION RATE IN 
me ’ seaueieed PERACRE | LB. N PER 1000 PLANTS 
” | 
I Field 6, Kumi ..ccccccccccccenenesnn 15,600 | 0, 6.4, 12.8, 19.2, 25.6, 38.4 
| 
II Field 4719, Opaeula ccc 12,300 | 0, 8.1, 16.2, 24.3, 32.4, 48.6 
III Field 15a, Wahiawa Substation 9,680 | 0, 10, 20, 30, 40, 60 
IV Field 45, Maui o.com 17,424 | 0, 5.7, 25.8, 37.2, 42.9, 48.6 








Experiments I, II, and III were each divided into two parts. Part A 
received its nitrogen in two applications, at the time of planting and at the 
age of 12 months. Part B received its nitrogen in four applications, one- 
fourth at the time of planting and equal amounts at the age of 6, 12, and 
18 months. The leaf samples were obtained shortly prior to harvest when 
the pineapple fruits were still green but nearly full size. 

All four experiments were installed in the fall (September and Octo- 
ber) of 1932. They were regularly and well supplied with iron as ferrous 
sulphate spray. 

Ammonium sulphate was used as the nitrogen source in all four experi- 
ments. Neither potassium nor phosphorus was applied in experiments I, 
II, and III. All of the plots in experiment IV had been uniformly fertilized 
with 5.8 lb. P,O; and 2.9 lb. K.O per 1000 plants. 


METHOD OF DETERMINATION 


The method used in the extraction and separation of chlorophyll from 
the other plant pigments was that of Wmustirrer and Strout (11) as 
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modified by Scuertz (7). It was found after a few trials that the great 
variation in chlorophyll content of plants between treatments made it 
necessary to vary the size of the samples taken for chemical analysis. 
Accordingly, 25 gm. were used in the case of the samples from the low 
nitrogen plots while 15 and 10 gm. samples were used for the plants fer- 
tilized with larger amounts of nitrogen. Care was taken to grind the larger 
samples for a longer period of time than the smaller samples in order to 
obtain an equal degree of extraction. 

Subsequent to extraction, saponification, and separation, the chloro- 
phyllins were run into a 100-cc. volumetric flask and made to volume with 
distilled water. Determinations were made by comparison, in a Klett 
colorimeter, with the artificial color standard developed by GuTurie (2). 


SAMPLING 


Before proceeding with the regular analyses of the samples from the 
different experiments, it was desired to determine the variations existing 
in the chlorophyll content of plants within the same plot. A knowledge 
of the degree of the variations would provide information as to the number 
of leaves to use for a reliable sample. 

Single leaf samples from each of twelve separate plants were obtained 
from the plot receiving 25.6 lb. nitrogen per 1000 plants of experiment IA. 
Total chlorophyll determinations were made on these twelve samples, and 
the means, standard deviations, and coefficients of variability were caleu- 





























lated. These appear in table II. 
TABLE II 
VARIATION IN CHLOROPHYLL CONTENT OF PINEAPPLE PLANTS WITHIN A 
SINGLE PLOT 
CHLOROPHYLL CHLOROPHYLL r 
STATISTIC 100 GM. 100 «em. gage 
WET BASIS DRY BASIS ae 
mg. mg. mg. 
Mean 61.36 336.65 13.71 
Standard deviation, Oy -.ccccccccn + 5.22 * 34.17 + 1.20 
Coefficient variability, C. V. .......... | 8.51 9.26 8.75 








From a knowledge of the standard deviation of these twelve samples 
(table II) and the great range in chlorophyll content at various nitrogen 
levels, it was decided that a sample consisting of one leaf from each of three 
separate plants, within the same plot, would constitute a sufficiently reliable 
analysis. Accordingly all subsequent samples were composited from three 
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leaves. The longest leaves were used and fall in group L-III (9). At the 
time of sampling all plants were approximately 20 months old with fruits 
nearing maturity. 


DETERMINATION OF LEAF AREA 


In order to calculate chlorophyll content per unit area, some means of 
measuring leaf areas was necessary. 
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Fig. 1. Chlorophyll (a+) content of pineapple leaves with varying amounts of 
nitrogen applied; dry weight basis. 
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Fig. 2. Chlorophyll (a+) content of pineapple leaves with varying amounts of 
nitrogen applied; dry weight basis. 


Krauss (4), in studies on the transpiration of pineapple plants, deter- 
mined the area (upper and lower) of large pineapple leaves by considering 


them triangles of small base and great altitude, and used the formula: 
area = length x width. 
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The width was measured along an imaginary line near the base of the 
leaf at the junction of white and green tissue. The length was taken from 
this line to the tip of the leaf. 

This formula was used in the present study to determine the area, except 
that the product of the length times the width was multiplied by 0.5 to 
obtain the area from one side of the leaf only. The widths were taken 5 em. 
from the base of the leaf and the lengths from this point to the tip of the 
leaf. The formula was checked by a series of planimeter readings of traces 
of representative leaves. Calculated on the basis of eleven readings, a mean 


TABLE III 
CHLOROPHYLL CONTENT OF PINEAPPLE PLANTS RECEIVING VARYING NITROGEN FERTILIZATION : 
EXPERIMENT I 























CHLORO- CHLORO- 
N PER MOISTURE a a on poco : 
1000 PLANTS i WET BASIS 100 GM. 100 aM. 100 80. om 
WET BASIS DRY BASIS 1 Maced 
lb. | % Sq. cm. | mg. mg. mg. 
0 80.67 633.33 6.4 33.09 | 1.02 
6.4 82.61 60111 | 30.3 174.23 | 5.04 
12.8 81.29 530.73 | 36.5 194.91 | 6.88 
IA | } 
19.2 81.40 537.44 40.0 215.20 7.44 
| | | 
25.6 | 80.69 | 509.81 58.0 | 300.44 11.38 
| | | | 
38.4 | 81.60 477.91 | 64.0 | 347.52 | 13.40 
| | | 
0 | 122 | 513.27 eo. | me |: om 
| 
6.4 | 81.35 | 633.99 31.3 | 167.77 4.94 
12.8 | 81.34 458.27 33.5 | 179.56 | 7.30 
IB | | 
19.2 | 81.07 | 516.84 32.0 | 168.96 6.20 
| 
25.6 | 80.41 } 488.65 49.1 250.16 10.02 
| | 
| 38.4 | 82.14 488.98 | 58.0 





324.80 11.62 





deviation of 3.16 per cent. was obtained between actual planimeter read- 
ings and values obtained through the use of this formula. 

After discarding the basal 5 em. of white tissue, the total wet - veights 
of the three leaf samples were recorded. The leaves were then ground in a 
meat chopper and their total moisture determined. The total chlorophyll 
determinations were begun immediately after the samples were ground. 





RESULTS 


The results of the determinations of the chlorophyll content of the 
samples from the four field experiments are found in tables III, IV, V, and 
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VI. Chlorophyll concentrations have again been calculated on both the wet 
and dry weight bases and also on the 100 sq. em. wet basis. 

Figures 1 and 2 show the graphic relationship existing between the 
amount of nitrogen applied and the chlorophyll concentration of plants 
from the various plots in the four experiments. Chlorophyll values ob- 
tained on the wet weight basis were used in the construction of these curves. 


TABLE IV 
CHLOROPHYLL CONTENT OF PINEAPPLE PLANTS RECEIVING VARYING NITROGEN FERTILIZATION: 
EXPERIMENT IT 























- Apna yon CHLORO- CHLORO- Cutoro- 
PER PHYLL PHYLL 
MOISTURE 100 em. PHYLL 
1000 PLANTS WET BASIS 100 aM. 100 aM. 100 80. cx 
WETBASIS | DRYBASIS | asians 
lb. | % sq. em. mg. | mg. mg. 
0 | 83.57 525.78 26.57 | 161,81 5.06 
8.1 | 84.71 567.92 31.10 | 203.39 5.48 
16.2 | 82.94 | 550.54 37.50 219,75 6.82 
ITA | 
24.3 | 82.49 526.55 43.97 | 251.07 8.36 
| 
32.4 | 82.50 496.81 41.13 | 234.85 8.28 
l 48.6 81.77 515.38 49.04 269.23 9.52 
0 83.15 606.25 27.72 164.38 4.58 
8.1 83.37 543.02 37.50 225.38 6.90 
16.2 83.68 481.59 39.85 244.28 8.28 
IIB 
24.3 82.59 534.03 41.13 236.09 Be 
32.4 82.07 | 534.70 47.22 263.49 8.84 
48.6 | 80.98 499.65 53.13 279.46 10.64 
Discussion 


Natural variation in concentration of chlorophyll in leaves from a single 
plot is appreciable, as shown in table II. On the weight basis, the standard 
deviation of a determination was + 5.22 with a coefficient of variability of 
8.51 per cent. This coefficient of variability was the lowest of the three 
that were obtained on the different bases. Obviously, variations in mois- 
ture contents and discrepancies between weights and areas contributed to 
the higher values obtained on the dry weight basis and on the area basis. 


Dividing the standard deviation of + 5.22 by V3, a value of + 3.01 is 
obtained. This is the standard error of a determination using a composite 
sample of three leaves, one each from separate plants within a plot. With 
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TABLE V 


EXPERIMENT IIT 


CHLOROPHYLL CONTENT OF PINEAPPLE PLANTS RECEIVING VARYING NITROGEN FERTILIZATION : 



































" AREA FOR prema ec. CHLORO- 
N PER MOISTURE 100 @m — — PHYLI 
1000 PLANTS ‘ wae waa | 100 aM. 100 GM. 100 sq ye 
sigs WET BASIS DRY BASIS ia liiases 
Ib. % sq. cm. mg. mg. mg. 
0 83.57 473.37 10.62 64.68 2.24 
10 82.90 473.19 22.14 129.52 4.68 
20 82.38 442.00 35.40 201.07 8.00 
IITA 
30 82.54 460.52 37.50 214.88 8.14 
40 81.69 545.28 45.55 248.70 8.36 
60 80.54 523.91 45.55 234.13 8.70 
0 84.05 449,22 11.08 69.47 2.48 
10 82.68 501.37 | 17.68 102.01 3.52 
20 82.64 476.20 31.90 183.74 6.70 
ILIB ¢ | 
30 82.56 458.29 | 34.45 197.40 7.52 
40 81.77 491.36 | 37.50 205.88 7.64 
60 81.33 494.68 | 59.85 213.60 8.06 





TABLE VI 


EXPERIMENT IV 





CHLOROPHYLL CONTENT OF PINEAPPLE PLANTS RECEIVING VARYING NITROGEN FERTILIZATION : 








CHLORO- CHLORO- 


























AREA FOR fe CHLORO- 
N PER MOISTURE 100 Go. a | ee PHYLL 
1000 PLANTS wr BanIS 100 em. | 100 4M. | 100 se. cu 
‘sil WET BASIS | DRYBASIS_ | —— 
lb. % sq. em. mg. mg. mg. 
0 81.26 578.66 20.71 110.59 3.58 
5.7 81.23 633.49 21.78 116.09 3.44 
25.8 81.16 558.79 29.27 155.42 5.24 
37.2 81.41 582.48 36.45 | 196.10 6.26 
42.9 81.40 562.17 37.50 201.75 | 6.68 
544.82 34.45 183.62 6.32 
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large differences in chlorophyll content for the various treatments, the sam- 
pling error becomes relatively small. 

Figures 1 and 2 show graphically the relationship existing between the 
increase in chlorophyll content and the increase in nitrogen fertilization. 
Inereases were noted in all four experiments. In general, with every in- 
crease in the amount of nitrogen applied a corresponding increase in the 
chlorophyll concentration was noted. There were slight deviations from the 
rule, however. These exceptions were experiment IB with the 19.2 lb. per 
1000 plants application; ITA with the 32.4 lb. application; and IIB with 
the 24.3 lb. application. A decrease in the chlorophyll content of the plants 
of the plot fertilized with the highest amount of nitrogen occurs in experi- 
ment IIIA, and may possibly be due to a state of excessive nitrogen fertili- 
zation. 

The chlorophyll concentrations of the plants receiving no nitrogen in the 
four experiments varied considerably. Experiments I and III showed the 
lowest chlorophyll concentrations, while samples from experiment II con- 
tained the highest amount of chlorophyll of the four experiments. These 
different levels of chlorophyll concentration would seem to be correlated 
with the differences in nitrogen availability between the areas in which the 
experiments were located. However, analyses of soils from these plots for 
available nitrogen were not made. 

The greatest response, from the standpoint of chlorophyll increase, was 
recorded in experiment IA. The range, from the plot receiving no nitrogen 
to that receiving 38.4 lb. per 1000 plants, was from 33.09 to 347.52 mg. 
of chlorophyll per 100 gm. dry material. The increase was more than ten- 
fold. Field observations of the plots in this experiment indicated such a 
great increase to be possible. The plants in the plots receiving no nitrogen 
were decidedly chlorotic and underdeveloped, while those receiving the high 
nitrogen applications were large, dark green in color, and extremely 
healthy. Fruiting in the former case was also conspicuously retarded. 
Incidentally, samples from the plot with no nitrogen applied in this experi- 
ment gave the lowest chlorophyll concentrations of all four experiments. 

Experiment III also showed a good response to nitrogen fertilization. 
Although the maximum amount of nitrogen applied was greater than in 
experiment I, the total chlorophyll concentration was not so great. 

The least response to nitrogen fertilization was noted in experiments II 
and IV. The chlorophyll levels in the plots receiving no nitrogen were 
high in both experiments. In both cases the total chlorophyll concentra- 
tions of the plants from the plots receiving the highest amount of nitrogen 
were less than twice that of the plants from the plots receiving no nitrogen. 

The number of applications of nitrogen had little effect on chlorophyll 
content. Except for experiment IT, the chlorophyll determinations of the 








a a a ee ee ee 
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plants receiving the nitrogen in two applications (A) showed slightly 
higher chlorophyll concentrations. This was most probably due to the fact 
that the plants in these plots received their full quota of nitrogen sooner 
than the plants receiving it in four applications (B). Applying the nitro- 
gen at an earlier period allowed this difference in nitrogen availability 
between early and late applications to become a factor in chlorophyll forma- 
tion up to the time of the analysis. The small response in chlorophyll 
formation due to nitrogen fertilization in experiment II was probably the 
eause for this exception. 


Summary 


Leaf samples from four field experiments, fertilized with varying 
amounts of nitrogen, were analyzed for their total chlorophyll (a+) con- 
centrations. Variations in the total concentrations were noted between 
different experiments and between plots within the same experiment. With 
few exceptions, an increase in the amount of nitrogen applied resulted in a 
corresponding increase in the total chlorophyll concentration. This would 
indicate that, in pineapple plants, the amount of available nitrogen present 
determines to a large degree the amount of chlorophyll formed, provided 
the other requirements for chlorophyll formation, such as light, iron sup- 
ply, and magnesium, are present in sufficient quantities. 
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A MECHANISM FOR CONTROLLED CONTINUOUS FLOW OF 
NUTRIENT SOLUTIONS! 


F. P. MEHRLICH 
(WITH FIVE FIGURES) 


Introduction 


The composition of a nutrient medium is constantly changed by the 
plants growing in it. Constant renewal of the nutrients is therefore im- 
perative if the plant condition is to be correlated with a known composition 
of medium. 

The apparatus for continuously renewing nutrient solutions described 
in this paper is a modification of Suive’s device.? It is essentially a closed 
system, difficult for dirt to enter, and has a minimum of free surfaces from 
which evaporation may occur to concentrate the nutrients. While SHIVE’s 
apparatus has a capacity of 2 or 3 liters and requires daily refilling with 
consequent disturbing of the siphons, the present device holds at least 38 
liters and the réserve nutrient may be renewed repeatedly without upsetting 
the rate of flow. It is practically self starting, more compact and more 
rugged than other devices, and is suitable for use in exposed places and in 
the field. 


Sinee it is wholly separate from the plant contained, whatever container 
is preferable from other considerations may be used. The container may 
be moved about for examination or manipulation of the plant without inter- 
fering with the rate of nutrient delivery. This apparatus may be used with 
solution, sand, or soil cultures. 


Apparatus 


The apparatus is composed of six primary parts: (1) inverted reser- 
voirs; (2) constant-level reservoir; (3) tubulatures connecting the two 
types of reservoirs; (4) air-tubulature adjustment; (5) capillary siphons 
leading from the constant level reservoir to the plant containers; and (6) 
capillary-siphon adjustment. Figure 1 illustrates a single complete unit, 
showing the relationship of the larger parts. The tubulatures and tubula- 
ture adjustments are shown in figure 2. 

INVERTED RESERVOIRS.—The inverted reservoirs may be of any size or 
shape desirable for special needs; five-gallon glass carboys are well suited 
for most purposes. Provision has been made for the use of two or more 
such reservoirs per unit of the apparatus described in this paper. Thus an 


1 Published with approval of the Director as Technical Paper no. 78 of the Pine- 
apple Experiment Station, University of Hawaii. 
2 ALLISON, R. V., and SHIvE, J. W. Amer. Jour. Bot. 10: 554-567. 1923. 
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adequate reserve of nutrient solution may always be maintained without 
appreciably changing the level of the constant-level reservoir. Ordinarily 
only one carboy is used at a time. When it is nearly empty the second is 
filled and put into place. The adjustment to the carboys is set so that the 
first empties completely before the second one is drawn from. This feature, 








Fic. 1. Single unit of drip apparatus: A, inverted reservoir; B, constant-level 
reservoir; C, capillary-siphon rough adjustment; D, capillary-siphon fine adjustment; 
E, capillary-siphon; F, siphon shield; G, funnel. The front of the siphon shield and the 
funnel cover were removed prior to photographing. 


however, makes possible the refilling of the two carboys almost simultane- 
ously if special need requires it. Thus a week’s supply may be provided at 
one time. For certain purposes it may seem more desirable to use only one 
inverted reservoir, or to connect a number of them in trains as described 
under a separate heading. 
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The carboys and glass tubulatures are painted first black and then white, 
to inhibit the growth of algae and to minimize temperature fluctuations. 

CONSTANT-LEVEL RESERVOIR.—Tests have shown that the inverted reser- 
voirs (carboys) give out slightly increased quantities of solution as they be- 
come progressively empty. Using a small volume constant-level reservoir, 
such as a glass tumbler, fluctuations in level as great as 2 em. may occur, 
upsetting the rate of flow to the plant containers. A large surface reservoir 
such as that pictured in figures 1 and 2 minimizes this fluctuation. Glass 
trays or graniteware pans 12 inches by 84 inches in size are recommended. 














ew 


Fig. 2. Constant-level reservoir and fittings: A, air channel between inverted reser- 
voir and constant-level reservoir; B, solution channel between the two types of reser- 
voirs; C, air-tubulature adjustment; D, vent tube; HE, capillary-siphon; F, capillary- 
siphon fine adjustment; a—e, various sections of air channel; f, final section of solution 
channel. 











Their use reduces the maximum fluctuation to 2 mm. A cover of 14-inch 
pine wood or 2-inch ply wood has been used successfully. A number of holes 
of suitable diameter to admit a no. 3 rubber stopper are cut in it to ac- 
commodate as many capillary siphons as are desired (fig. 2). At each end 
of the cover three holes are cut, one to accommodate a no. 3 rubber stopper 
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fitted with the tubulature for carrying solution from the inverted reservoir 
(fig. 2f). The other two holes are for the adjustment of the air inlet to 
the inverted reservoir (fig. 2e, C). Still another opening is cut in a cen- 
tral position to admit a no. 3 stopper carrying a small glass tube loosely 
plugged with glass wool (fig. 2D). This tube may be withdrawn for clean- 
ing the apparatus or to make possible a measurement of solution level in the 
reservoir. It also maintains the system at atmospheric pressure. 

After all holes are made, the cover is waterproofed with hot paraffin. 
The tubulatures are adjusted to the proper depth and the cover is bolted 
in position to the shelf supporting the pan. A seal of paraffin and beeswax 
is made between the periphery of the pan and its cover to preclude dirt. 

TUBULATURES BETWEEN THE RESERVOIRS.—The tubulatures illustrated in 
figure 2 serve two functions: they act as channels for air and solution to 
move between the reservoirs, but they also determine and maintain the 
solution level in the constant-level reservoir. 

Two parallel tubulatures having an inside diameter of not less than 5 
mm. are required: the air channel with white rubber tubing (fig. 2A) and 
the solution channel with red rubber tubing (fig. 2 B). Each is divided 
into a number of sections to increase ease of manipulation while also main- 
taining immovable the section determining the solution level. The sections, 
proceeding from the inverted reservoir to the constant-level reservoir, are 
as follows: The no. 6 rubber stopper closing the inverted carboy is fitted 
with two pieces of glass tubing, 7 mm. outside diameter, the one protruding 
into the neck of the bottle 2.5 em. and the other, a part of the air channel, 
ending at the inner surface of the stopper. Both tubes extend below the 
stopper about 2 cm. Permanently attached to these are pieces of rubber 
tubing approximately 5 em. long (fig. 2a). The vertical arm of a glass 
elbow, 7 mm. in diameter and 3 em. long on each arm, is inserted into the 
free ends of each of the rubber tubings (fig. 2b). Attaching permanently 
to the horizontal arm of the elbow on each channel is a length of rubber 
tubing 2 or 3 em. long (fig. 2 c), coupled to which by a 3-em. piece of glass 
tubing is another 8-10 em. length of rubber tubing (fig. 2d). This latter 
tubing attaches permanently to the final section of the channels. This final 
section of the air channel (fig. 2¢), which must remain immovable, is of 
7-mm. glass tubing (outside diameter) and protrudes 3 em. into the reser- 
voir. The end of it must be ground at an angle to prevent solution from 
hanging in it when air should enter. The tubing terminating the solution 
channel enters through a no. 3 rubber stopper and protrudes approximately 
5 em. into the reservoir (fig. 2f). It is immovably fixed, and the end of it 
need not be ground. The tubulatures from the left and right inverted 
reservoirs are the same. 

3 A suitable grinding medium is no. 70 carborundum lubricated at the time of using 
with turpentine or glycerin. 
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AIR-TUBULATURE ADJUSTMENT.—A screw adjustment is fixed for slightly 
raising or lowering the air intake, which in turn increases or decreases the 
level of solution in the constant-level reservoir as may be required for bring- 
ing several units of the apparatus to the same rate of flow. The same ad- 
justment is used to prevent the two carboys from emptying simultaneously. 
It is composed of a machine screw and pivoting clamp, as shown in 
figure 2 C. 

CAPILLARY SIPHONS.—Heavy walled (5 mm. outside diameter) capillary 
glass tubing having an inside diameter of 1 mm. is desirable for use as 
siphons to carry solution from the constant-level reservoir to the plant con- 
tainers. They may be of any length or shape for special purposes. For 
general use a siphon 8 inches long, bent as illustrated in figure 2 E, has 
served best. The arm extending into the reservoir is 34 inches long; the 
free arm is 3 inches long. Siphons of larger bore make the precise adjust- 
ment of rate of flow more difficult. The drip from each siphon is caught in 
a glass funnel (fig. 1 @) through which it runs by a larger bore channel (5 
mm. inside diameter) to the plant container. 

CAPILLARY-SIPHON ADJUSTMENT.—The rate of flow of solution to the 
plant containers is regulated by raising or lowering the outlet of the capil- 
lary siphons. The mechanism for adjusting the inclination of these siphons 
consists of two units, one for rough adjustment (fig. 3) and the other for 














Fic. 3. Capillary-siphon rough adjustment: A, B, the two primary parts; a, side 
view of part B; b, back view of part B. 


fine adjustment (fig. 2 F). 

The rough adjustment consists of two parts as illustrated: (1) a length 
of heavy sheet metal bent as shown in figure 3 A, 14 inches long, 24 inches 
high, and 12 inches wide. Into it four horizontal slots 5, inch x 14 inch 
are cut (if more than four capillary siphons are to be used, a proportional 


increase in the length of this piece and the number of slots should be made) ; 
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(2) a piece of right-angled iron or heavy sheet metal 23 inches wide (fig. 
3B). The vertical and horizontal sides are also approximately 24 inches. 
In the vertical face a 3°; x14 inch slot is cut. This face attaches by 
means of a machine screw to the metal piece just described. Thus both 
vertical and horizontal movement are possible. When the desired position is 
attained the screw is tightened and the adjustment remains permanently. 
In the horizontal face of the right angle piece is a +; inch hole through 
which the fine adjustment attaches by means of a machine screw, provided 
with a winged nut. All screws and nuts are galvanized to prevent rusting. 
This metal piece may be dispensed with for certain purposes, the angle-iron 
attaching them to the table directly. 

TRAINS OF INVERTED RESERVOIRS.—Trains of carboys may be set up for 
cultures in remote places where more frequent renewal of reserves is un- 





























LJ LJ 

Fig. 4. Tubulature arrangement for connecting inverted carboys in trains: A, air 
channel from inverted reservoir 1 to constant-level reservoir; B, D, solution channels 
from inverted reservoirs 1 and 2 respectively to same constant-level reservoir; C, air 
channel connecting inverted reservoirs 1 and 2. 


desirable. The connecting tubulatures shown in figure 4 make possible such 
an increase in the reserve nutriments without disturbing the advantages of 
the mechanism already described. The same type of connection may be 
made between the left and right inverted reservoirs as an alternative method 
to that just described. 

CONTROL OF ALGAE IN SAND CULTURES.—F or ordinary purposes the 
nutrient solution is led into the sand through a blackened glass tube. Clean 
white quartzite pebbles having a diameter of about } inch are spread 2 
inches deep over the top of the sand, preventing the growth of algae on the 
sand surface while at the same time cutting down evaporation. 
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PRECISION OF APPARATUS 


Table I gives the rates of flow from the capillary siphons of two 4-siphon 
units for consecutive 24-hour periods, when the rate of flow from each 
siphon was arbitrarily set at 14 drops per 2 minutes. By manipulating the 


TABLE I 


RECORD OF DRIP RATE FOR CONSECUTIVE 24-HOUR PERIODS, FROM TWO UNITS, EACH SIPHON 
OF WHICH IS SET TO DELIVER 14 DROPS EACH 2 MINUTES* 








Unit A 
5 = 4 
Right side, carboys closed 











840 810 880 890 
885 860 860 870 
935 950 | 925 935 


u 


Left side, carboys closed 





960 930 930 940 960 930 | 940 
969 932 932 960 | 978 988 969 969 
969 951 924 969 | 1006 1015 997 1006 











Average delivery | 915.5 | 901.3 | 907.7 | 914.8 | 934.8 | 938.0 | 922.7 | 900.8 




















* As the carboys empty, increasing amounts of solution are delivered, but all units 
vary in the same direction. 
t Adjustment altered. 


adjustments slightly, the drips may be brought into even closer agreement. 

As noted in table I, the rate of nutrient delivery increases as the carboys 
empty, and as the flow changes from the left to the right carboy, but under 
similar conditions all units vary in the same direction and to the same 
degree; hence this variation should not enter as a disturbing element in 
large-scale experiments calling for several units. 

Changes of temperature cause fluctuations in flow, as shown in table IT, 
but under the usual range of conditions their magnitude is slight. 


TABLE AND PLANT CONTAINERS 


A table to support the mechanism has been designed for use with pine- 
apple plants (fig. 1). Several units may be combined as a single table to re- 
place the standard planthouse bench. Modifications may be made to adapt 
this apparatus for use with revolving tables or constant temperature devices. 

The position of the siphons is the important factor in controlling the 
rate of flow of the nutrient solution. The shield (fig..5) not only protects 
the siphons from movement or breakage by the plants, but covers the fun- 
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TABLE II 
INFLUENCE OF TEMPERATURE ON RATE OF NUTRIENT SOLUTION DELIVERY SHOWN BY QUAN- 
TITIES OF LIQUID DELIVERED IN 2-HOUR PERIODS BY CAPILLARY SIPHONS 
OF SINGLE DRIP UNIT 














True AVERAGE QUANTITY OF FLOW 

, TEMPERATURE” l Drip 1 | Drip 2 | Drip 3 Drip 4 

we | ce. | ce. ce. ce. 

8-10 a. M. 27.8 70.0 | 71.0 70.5 71.5 
10-12 30.0 | 740 | 75.5 76.0 | 77.0 
12— 2 P.M. 30.7 | 700 | 72.0 72.5 72.5 
2- 4 29.3 | TS | 8 | We 79.5 
4— 6 26.3 iG | 738 73.0 72.0 
6- 8 24.8 67.5 | 69.0 68.5 (| 68.0 
8-10 23.7 | 65.5 | 67.0 66.5 | 66.0 
10-12 23.2 | 64.0 | 65.0 65.0 65.0 
12- 2 a.M. 22.7 610 | 62.0 62.0 | 62.0 
2- 4 22.7 63.0 | 64.0 64.0 | 64.0 
4- 6 23.3 | 640 | 65.5 65.0 | 65.0 
6- 8 24.5 65.0 | 66.5 66.0 | 66.0 
8-10 27.0 ; e..) Tee.) 71.0 
10-12 28.5 | 730 | 750 | 74.5 74.5 

| 








* Computed thermograph record readings made each 30 minutes. 











Fig. 5. Siphon shield for protecting capillary siphons from breakage. The funnels 
serving as semi-flexible couplings in solution channels are inclosed in the black compart- 
ment in lower, forward portion of shield. Cover A to the shield and cover B to the fun- 
nel compartment were moved out of place before photographing. 
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nels as well, limiting evaporation and the growth of algae. The funnel 
cover is an opaque compartment painted black on the inside, situated in the 
lower forward part of the siphon shield as shown in figure 5. The capillary 
siphons enter the funnels through suitable openings in the top of the funnel 
cover. Glass wool is used to close the space remaining between each siphon 
and its opening. The funnels (figs. 1 G, 5) serve as a coupling in the solu- 
tion channel from the capillary siphons to the plant containers, allowing 
enough movement of the channel to prevent breakage. 

Where danger of breakage is not a factor, the shield may be omitted 
and the siphons increased in length to connect directly with the plant 
container. 

Summary 


1. With care, an adjustment of siphons can be made so that variation 
in amount of solution delivered by a series of units does not exceed 50 ee. 
per liter; that is, 5 per cent. In view of the low concentrations of nutrient 
solutions this amount is so small a variation in the actual amount of any 
one element or compound delivered as to seem inconsequential. 

2. More than one rate of drip may be served from a single constant- 
level reservoir, since rate of flow is determined by the inclination of indi- 
vidual capillary siphons. 

3. Rate of flow of nutrients may be altered according to the require- 
ments of the growing plant, without seriously interfering with the study in 
progress. The siphon easily can be adjusted to deliver more or less 
nutrient, and the new rate of flow can be measured for a short interval 
without disturbing the cultured plants. 


PINEAPPLE EXPERIMENT STATION 
UNIVERSITY OF HAWAII 








GROWTH MODIFICATIONS IN CITRUS SEEDLINGS GROWN 
FROM X-RAYED SEED 


C. P. HasSKINS AaND C. N. MOORE 


(WITH SEVEN FIGURES) 


A summary is made in the present paper of certain morphological varia- 
tions observed in seedlings of the citrus fruits arising from seed exposed to 
x-rays before planting. The work has been undertaken in the course of a 
series of investigations on the biological effects of x-rays and cathode rays, 
and although as yet no cytological examination of the material has been 
made, it was considered worth while to assemble descriptions of certain 
morphological effects at the present time, in view of the paucity of x-ray 
work reported with the citrus fruits, especially at higher voltages and cur- 
rents. Certain of the variants considered have already been described,? but 
have been included here in order to complete the series. 

Seeds of lemon, lime, tangerine, grapefruit, and sweet and sour orange 
were obtained through the kindness of Dr. R. G. LARvgE, Superintendent of 
Cultivation of the University of California Agricultural Experiment Sta- 
tion, and Dr. A. F. Camp, Head of the Department of Horticulture of the 
University of Florida. They were dried previous to shipment. A portion 
of the seed was x-rayed in the condition in which it was received. The 
remainder, before treatment, was soaked in distilled water for 15 minutes, 
then left in a completely moisture-saturated atmosphere for 12 hours. The 
seeds were then dried on filter paper and exposed at once. Treated seeds 
were planted immediately in seed flats, a mixture of one-third peat moss and 
two-thirds sharp sand being used, the seeds being covered in most cases with 
pure sharp sand. The seeds were germinated in an electrically heated green- 
house, day temperatures being maintained constant at 75° F. and night 
temperatures at 55° F. during the early growth of the plants. At a later 
time a large number of apparently normal seedlings were transferred to the 
open nursery, being planted in a sandy loam soil. Most of the more conspic- 
uous variants were maintained in the greenhouse for a full year, however, 
being transferred to benches containing a mixture of sand, clay, and manure 
at the age of afew months. After this change they were not disturbed until 
the close of the experiment. 

A Coolidge water-cooled tungsten-target tube of the thick-walled type 
was used as the source of x-rays, operated at 200 k.v.p. and 30 ma. from a 

1 Science, Aug. 5, 1932. 

Science, Feb. 15, 1933. 
Bot. Gaz. 94: 801-807. 1933. 
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high-tension transformer equipped with Snook mechanical rectifier. The 
seeds were exposed on a lead-covered table at a focal distance of 50 em. 
Under these conditions the incident energy input, as measured with a 
graphite-covered collodion wall, radium-compensated Failla ionization 
chamber, was 165 roentgens per minute. The shortest wave length theo- 
retically obtainable at this voltage is 0.062 A. as caleulated from the quan- 





—— 











Fig. 1. Grapefruit seedling flowering prematurely after x-ray treatment of seed 
from which it came. Dosage 300 r. 


tum relation Ve=hvmax. No metal filter was used, but the glass of the wall 

interposed a filtering action equivalent to about 0.10 mm. of copper. At 

0.70 A. the intensity of the emergent radiation was only about 0.3 per cent. 

of that impinging on the inner wall, as calculated from ComprTon’s 1926 

value for the mass absorption coefficient of copper,? and this may be con- 
2ComptTon, A. H. X-rays and electrons. 
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sidered the cutoff point. Substantially all of the radiation incident was 
included between these points, the greatest intensity lying within the 
K, — K, doublet region for tungsten, between 0.21 and 0.18A. 

Several very curious effects were observed among the seedlings, which 
may be summarized here. 


Premature flowering 


Premature flowering is not infrequently observed in citrus seed beds, 
particularly in cases in which the acidity of the soil has not been properly 








a 








Fig. 2. Premature flowering of a chlorophyll deficient grapefruit seedling. Dosage 
1300 r. in seed stage. 


regulated. In the present case, however, the habit was pushed to an ex- 
treme which proved very interesting, especially in view of the fact that the 
hydrogen ion concentration of the seed beds was maintained within limits 
which, in the opinion of the citrus growers, should distourage early flowering. 

Among one group of grapefruit seedlings arising from seeds which had 
been given x-ray dosages of from 300 to 1300 roentgens in both the wet and 
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dry states under the conditions described, two came into flower within six 
weeks of the time of sprouting. The flowers matured rather slowly, but, 
although diminutive, they proved to be normal in form. The plants, as 
shown, still carried the first pair of leaves intact, as is usual with citrus 
seedlings of this age. The plant shown in figure 1 was normal in leaf and 
flower coloration, and the leaves were nearly normal in form although 
somewhat elongate and diminutive. The other seedling (fig. 2) was ex- 
tremely deficient in chlorophyll and the flower was imperfectly pigmented, 
being of a yellowish white color similar to the leaves. The stamens, how- 
ever, were golden. The green plant received a dosage of 300 roentgens and 
the white one a dosage of 1300 under the same conditions. 














Fic. 3. Albinism of citrus seedlings following x-ray treatment in the seed stage. 


The plant deficient in chlorophyll died very shortly, as was to be ex- 
pected. The normally pigmented seedling, although deficient in roots, sur- 
vived and grew slowly, and, when one year of age, again showed a flower 
bud on new growth, although it did not come to maturity. 

At the age of nine months, 10 per cent. of this entire planting came into 
blossom almost simultaneously, the flowers in this case being of normal petal 
number and almost of normal size. Some of the flowering seedlings were of 
normal stature for their age, while others were distinctly dwarfed. 


Albinism 


Albinism, like premature flowering, is a character not infrequently ap- 
parent among citrus seedlings, especially in highly hybridized strains. In 
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the present case, however, an abnormally high percentage of seedlings 
showed this deficiency. It ranged from a condition best described as vires- 
cent, in which by no means all green pigment was lacking, through partial 
deficiencies in which a deep green was mottled irregularly throughout the 
leaf on a white background (fig. 3), to the complete whiteness character- 
izing one of the flowering types mentioned in the last section, and very 
many plants otherwise normal in appearance. Although albino plants were 
not absent from control plantings (as they very rarely are), the percentage 
of deficiencies in treated groups was manyfold higher. 


Fasciation 


Numerous cases of terminal and lateral bud fasciation were observed, 
the most pronounced of which is illustrated in figure 4, right. This speci- 














Fic. 4. Bud fasciation in Citrus aurantium following x-ray treatment of seeds. 
Control at left. 


men of Citrus awrantium, when photographed, was but little over an inch 
in height. Control specimens, as is usual with this species, grew vigorously, 
and had attained a height of 10 inches when the photograph was taken. 
Clearly the primordia only of the later true leaves were affected, since the 
plant appeared normal in the first few weeks of life. Curiously the later 
leaves, although diminutive, were of nearly normal form. 


Twisting 
Two young seedlings from the time of sprouting showed a decided ten- 


dency to spiral in a counter-clockwise direction. Both plants twisted so 
markedly as to bend the stem from the vertical and to crush the leaves 
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against the stem (fig. 5, extreme right). After six months the habit was 
abandoned and later growth was normal. Both plants showed some evi- 
dence of tissue inversion and other characteristic x-ray injury during early 














Fig. 5. Spiral twisting of stems of citrus seedlings following x-ray treatment of 
seeds. Control at left. 
life. It is possible that the condition was brought about by x-ray induced 
abnormal mitoses. 
Duplication 


Very many instances were noted in which the midribs of leaves were 
split near the base, -both halves being nearly equally robust. In a number 





He 
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Fic. 6. Leaf modifications in citrus seedlings following x-ray treatment in the seed 
stage. See also fig. 5, center. 
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of eases, especially with the grapefruit, the entire leaflet was duplicated, the 
resulting two terminals usually being of nearly the same dimensions (fig. 5, 
center, and fig. 7). In lemon stock similar developments gave rise to par- 
tially bifoliate, bifoliate, partially trifoliate, and truly trifoliate leaves, 
often coexisting on the same plant (fig. 6). 











Fig. 7. Grapefruit seedling with modified leaf, and accessory cup-like leaf. X-ray 
treatment given in seed stage. 


Peloric leaf formation 


An interesting development of a cup-shaped type of peloric leaf oc- 
curred in two grapefruit seedlings from x-rayed seeds, in each case the 
leaves proceeding laterally from the stem at.a point some distance below 
the terminal bud. The formation was new in the experience of the writers 
and in that of a citrus horticulturist who examined it. The peloric leaves 
persisted for more than a year, the plants bearing them being otherwise 
normal. 

Work is being continued in the field, and through the kindness of Mr. W. 
J. PLATTEN, of Sebastian, Florida, grafts of several of these variants have 
been made on to rough lemon stock, with a view to checking any possible 
modifications in fruit. 


RESEARCH LABORATORY, GENERAL ELECTRIC COMPANY 
ScHENECTADY, NEw YorK 




















CAROTENE AND XANTHOPHYLL IN PINEAPPLES? 
O. C. MAGISTAD 


The color of the flesh of the fruit in pineapples varies from white or 
colorless to a deep yellow. The commercial varieties in the Territory of 
Hawaii, the Cayenne and Hilo, are both intermediate in shade. Within 
these varieties depth of color varies greatly from place to place, and even 
from fruit to fruit within a single field. The present investigation was 
undertaken to determine the nature of the pigments in the fruit of pine- 
apples and to measure the quantity of pigment present. 


Experimentation 


Using the chemical methods of separation based on solubilities, as given 
by WiuustTATTeR and Stontni (10), ScHerrz (7, 8, 9), and Paumzr (6), it 
was found that carotenes and xanthophyll were present in pineapple flesh 
together with anthocyanins, flavones, and traces of chlorophyll. The yellow 
colored shell of pineapple fruits was found to be relatively rich in carotenes 
and flavones, while the green leaves contained in addition to chlorophyll 
even larger concentrations of flavones, carotenes, and xanthophylls than 
were found in the fruit flesh. 

MernHops.—The finely chopped fresh material was extracted with acetone 
and the pigments present were transferred and concentrated in ether. 
Flavones were removed by washing with a 1 per cent. aqueous solution of 
sodium carbonate. Chlorophyll was saponified and separated from the 
carotenes and xanthophylls. The ether was evaporated off at temperatures 
below 40° C., and the carotenes and xanthopliylls were separated in the 
usual manner on the basis of solubilities in methyl alcohol and petroleum 
ether. 

Small violet red crystals formed on pouring a petroleum ether solution 
of carotene into methyl alcohol. Crystals also formed on evaporation of 
carbon bisulphide solutions of carotene. These appeared under the micro- 
scope to be identical with those described by WiLLsTATTEeR and Stouu (10, 
plate III). Carotene isolated from pineapple tissue gave a blue coloration 
with the antimony trichloride reagent of Carr and Price (2, 3). 

The amount of chlorophyll present was estimated by comparison against 
a synthetic solution as advocated by GutTHrie (4). 

The quantity of ‘carotene present was determined by colorimetric com- 
parison with standard yellow Lovibond slides as described by ScHErRTz (7). 
When compared with solutions of potassium bichromate as advocated by 

1 Published with the approval of the Director as Technical Paper no. 73 of the Pine- 


apple Experiment Station, University of Hawaii. This paper was presented at the 
Boston meeting of the American Society of Plant Physiologists, December 28, 1933. 
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PauMER (6), fair agreement was obtained. A weighed quantity of pure 
carotene obtained from the Smaco Corporation when dissolved in petroleum 
ether gave readings checking well with the curves of ScHERTZ and of 
PALMER, and with the solution of carotene isolated from pineapples. 

Xanthophylls were determined by colorimetric comparison against 
standard yellow Lovibond slides as advocated by Scuertz (8). 


' AMOUNTS OF PIGMENTS PRESENT 
A medium sized pineapple plant with a ripe fruit was analyzed for the 
pigments chlorophyll, carotene, and xanthophyll. The results obtained are 
shown in table I. 
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TABLE I 
PIGMENT CONTENT OF A PINEAPPLE PLANT 

| CHLOROPHYLL CAROTENE XANTHOPHYLL 

00 em OTAL | 100 em. ss iw 

gm. | mg. mg. | mg. mg. mg. | mg. 

Lower leaves 1056 65.50 691.68 | 3.75 39.60 2.05 21.65 
Middle leaves 1598 | 50.65 809.39 1.85 29.56 1.43 | * 23.85 
Upper leaves 1012 | 48.00 485.76 2.38 24.09 0.71 7.19 
Shoots .............. 1162 36.25 421.23 2.38 27.66 137: | -3300 
Ce ck 145 26.58 38.54 1.05 1.52 1.20 | 1.74 
Fruit stalk ... : |. 3.95 5.96 0.28 0.42 | 0.27 0.41 
TN  rsicecdance: 1215 | 1.45 17.62 0.06 0.73 | 0.06 0.73 
|, | | nee Reem 4 Weeee Fhe O15 | 2.68 0.03 0.54 
ee ae 214 =| gle Ae, UAE cer ee | 0.20 | 0.43 | 0.04 0.08 
PI siaiccnc cscs 930 | 66 winsome | +O.33 | 3.07 | 0.33 3.07 
Total ........ 9269 | | 2470.18 | | 129.76 | | 71.86 





A study of this table shows first that the chlorophyll content of the 
relatively thick leaves of pineapple plants is lower than for thin leaves of 
common trees and plants. Thus, WiuusTATtTer and Stott (10, page 102) 
give values up to 300 mg. chlorophyll per 100 gm. green tissue for some 
plants. Again most plants contain more xanthophyll than carotene in their 
leaves, but in table I the pineapple plant is shown to have more carotene 
than xanthophyll throughout all its parts. The absolute quantity of 
carotene and xanthophyll present is small in comparison with most plants 
(10, page 102). Of special interest is the relatively low content of xantho- 
phyll in the fruit flesh. 


CAROTENOID PIGMENT CONTENT OF A NUMBER OF VARIETIES 
AND HYBRIDS OF PINEAPPLE FRUITS 
A study was made to determine the quantity of carotene and xantho- 
phyll present in the fruit flesh of various pineapple varieties. The fruits 
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were all grown in the Territory, those other than Cayenne and Hilo being 
grown by the Genetics Department at the substation at Wahiawa. The 
results are listed in table IT. 

















TABLE II 
CAROTENE AND XANTHOPHYLL CONTENTS OF FRUIT FLESH OF DIFFERENT PINEAPPLE 
VARIETIES 
wensiale | Seen Per 100 GM. FLESH re oo 
CAROTENE XANTHOPHYLL 
mg. mg. 
Cayenne 
Lot 1 13 0.13 + 0.004 
Lot 2 : 9 0.22 + 0.011 0.026 + 0.005 0.25 + 0.012 | 8.5 
Lot 3 2 0.15 0.011 0.16 | ‘186 
Lot 4 ay 12 0.18 + 0.014 0.015 + 0.002 0.20 + 0.014 12.0 
Hilo . au 24 | 0.15 + 0.008 
79666 ...... = 10 0.50 + 0.03 
Natal . ssc 10 0.45 + 0.03 
Ruby = 10 0.41 + 0.04 
Queen oe: 5 0.38 + 0.03 
7898 ... é 3 0.38 
8053 Chl 10 0.26 + 0.02 
4552 .. | 11 0.17 + 0.012 
8680 ... 11 0.044 + .0006 
Bermuda 10 0.031 + 0.005 
8232 | 5 0.01 

















The first part of the table gives the variation in pigment content of four 
lots of Cayenne. In these lots the carotene plus xanthophyll content varied 
from 0.13 to 0.25 mg. per 100 gm. of fruit flesh. Not infrequently fruits 
will contain even less than 0.13 mg. pigment per 100 gm. flesh. The data 
in the latter part of table II were obtained by estimating carotene and 
xanthophyll together, without separation. 

A comparison of Cayenne with the other varieties indicates that some 
contain far more, and others much less pigment. Thus 7966, Natal, Ruby, 
Queen, and 7898 contain about twice as much pigment as does Smooth 
Cayenne; while some varieties and hybrids, such as 8680, Bermuda, and 
8232 are almost devoid of pigment and appear very white-fleshed. 

The range in carotenoid pigment content of pineapple fruits of various 
varieties is strikingly similar to the range observed by Bitus and McDoNnaLp 
in the carotene content of ten carrot varieties (1). They found Early 
Searlet Horn to contain 9.6 mg. of carotene per 100 gm., while Isbell’s 
Maude S on the other end of the series contained only 0.12 mg. carotene per 
100 gm. Thus the most colorless carrot contains about as much pigment 
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as does Cayenne pineapple, while some carrot varieties contain about 40 to 
60 times as much. 


PERMANENCE OF CAROTENE AND XANTHOPHYLL IN CANNED PINEAPPLE 


During 1933, three lots of pineapple packed as indicated in table III 
were opened and their pigment content determined. The results appear 
in the table. 














TABLE III 
CAROTENE AND XANTHOPHYLL CONTENT OF STORED CANNED PINEAPPLES 
Per 100 LESH 
J ER GM. FLES 
Lor oo Ratio C/X 
ges . CAROTENE XANTHOPHYLL | 
mg. mg. | 
1927 Pack, tins .......... 10 0.088 + 0.007 0.011 + 0.001 8.4 
1927 Pack, glass ........ 10 0.121 + 0.004 0.017 + 0.002 7.1 
1932 Pack, tins ......... | 18 0.097 = 0.004 0.015 + 0.006 6.5 
| 








No record is available of the pigment content of the pineapple fruits 
represented in table III at the time of canning. However, since the 
amounts present are about equal to the amount found in fresh pineapples, 
it can tentatively be concluded that there is no marked loss of carotene and 
xanthophyll during storage. The 1927 pack in tins and in glass was a 
homogeneous lot at the time of packing and should have had the same pig- 
ment content at that time. The greater quantity found in the glass packed 
material on examination in 1933 suggests that there is less decomposition 
of pigment when packed in glass as compared with tin. 


Discussion 
The yellow color of pineapple flesh is due to the presence of carotene 
and xanthophyll. These pigments are soluble in the fat solvents within 
the chromoplasts. Carotene predominates over xanthophyll. No attempt 
has been made to determine which carotenes were present nor the propor- 
tion of each. 


A number of recent investigations have proved carotene to be a pre- 
eursor of vitamin A. The £ carotene is markedly superior to q and y caro- 
tene. As a source of vitamin A, pineapples in this respect (2, 5) rank far 
behind such vegetables as lettuce, spinach, and carrots. 


Summary 
Pineapple fruits owe their yellow color to carotene and xanthophyll, 
carotene predominating. The quantity of carotene present ranges from 
about 0.10 to 0.25 mg. per 100 gm. flesh. 
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BRIEF PAPERS 


LIGHT AS A FACTOR INFLUENCING THE DORMANCY 
OF LETTUCE SEEDS?‘ 


Lettuce seeds of the highest vitality may fail to germinate when tested 
in a closed chamber germinator. Seed analysts have observed that germina- 
tion may be induced in many of these dormant lettuce seeds by presoaking 
them in cold water for 2 hours. However, such increase in germination is 
due not to the soaking in water but to the action of light on the wet seeds.” 

Recent investigations by the writer show that it is even unnecessary to 
soak the seeds in cold water since the dormant condition can be broken 
merely by placing the seeds in an atmosphere saturated with water vapor 
and giving a longer exposure to light. Lettuce seeds of the Grand Rapids 
variety which were placed in a humid atmosphere and exposed to light for 
10 hours and then placed on moist blotters at 20° C. in the dark germinated 
98 per cent. A duplicate test which had received the same treatment but 
which was not exposed to light germinated only 8 per cent. The period of 
exposure to light can be shortened to 2 minutes or perhaps less by allowing 
the seeds to take up moisture from the air before exposing them to light. 
This germination response is of importance because it shows that water in 
the form of a film surrounding the seed is not essential to the breaking of 
the dormant condition by light. 

Whether or not lettuce seeds in which the dormant condition has been 
broken by exposure to light will remain non-dormant when dried depends 
upon the physiological condition of the seed, the period of exposure to light, 
the temperature, and the manner in which the drying process is conducted. 
Lettuce seeds of the Big Boston variety which were placed in a humid 
atmosphere and exposed to light for a period of 24 hours at 23° C. and, 
without drying, placed on moist blotters at 20° C. in the dark, germinated 
98 per cent. A similar lot of seeds which had received the same treatment 
but which was dried in the dark germinated 35 per cent. The failure of 
lettuce seeds to retain the non-dormant state when dried appears to be a 
characteristic response of lettuce seeds which require a temperature of 
22° C. or lower for germination. It has been determined that if the seeds 
are set over water, exposed to light for 6 hours, and then placed in a re- 
frigerator at a temperature of 6° C. for 10 days, they can then be dried and 
still retain the non-dormant state. Furthermore, it has been observed that 


1 Approved by the Director of the New York State Agriculttral Experiment Station 
for publication as Journal Paper no. 47. 

2SuHuck, A. L. Some factors influencing the germination of lettuce seed in seed 
laboratory practice. New York State Agr. Exp. Sta. Tech. Bull. no, 222. 1934. 
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exposure to light at the time of drying may have a marked influence on the 
percentage of dormant seeds. Moist Grand Rapids lettuce seeds which 
were exposed to light for 24 hours and then dried at room temperature in 
the dark germinated 92 per cent. at 20° C. A similar lot of seeds which 
were dried at the same temperature but in the light germinated only 5 per 
eent. The degree of dormancy originally existing in the seed appears to be 
the most important factor determining the necessary length of exposure to 
light and the germination response of the seed when dried. 

The shorter wave lengths of the visible spectrum are more effective than 
daylight in producing a dormant condition in both presoaked and humidi- 
fied lettuce seeds when they are again dried in the presence of light.{ Grand 
Rapids lettuce seeds were placed over water, exposed to light for 24 hours, 
and then dried in the light, in the dark, and under plates of spectral glass. 
The seeds were dried for 24 hours and then placed to germinate on moist 
blotters at 20° C. in the dark (table I).“\ 


TABLE I 


INFLUENCE OF LIGHT AND DRYING ON THE RETENTION OF THE NON-DORMANT STATE IN 
GRAND RAPIDS LETTUCE SEEDS 































































PERCENTAGE OF SEEDS GERMINATING AT 20° C. IN DARK WHEN 
CHECKS, DRIED UNDER THE FOLLOWING LIGHT RELATIONS 
TEST GERMINA- }|}———— 
NO. TION IN In UNDER SPECTRAL GLASS In 
DARKNESS DAY- DARK- 
LIGHT YELLOW GREEN BLUE NESS 
% % % % % % 
1 15 32 21 75 16 89 
2 6 15 24 59 17 64 
3 11 7 | 17 67 8 90 
4 13 5 10 79 12 92 
5 15 30 34 67 17 95 
6 30 18 16 79 15 98 
Are. — + /§ Ot ae 1¢ oe 


In one of the representative tests the seeds aviea in the dark germinated 
89 per cent., while those dried in the light germinated 32 per cent. Similar 
lots which were dried while exposed to the individual colors of the spectrum 
germinated as follows: violet 12 per cent., indigo 5 per cent., blue 16 per 
eent., green 75 per cent., yellow 21 per cent., orange 24 per cent., and red 
15 per cent. 

If the dormant state has been broken to such an extent that the seeds 
remain non-dormant when dried in the dark, then only a small percentage 
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of the seeds revert into dormancy when dried while exposed to the green 
rays, whereas if they are dried while exposed to either the red or the blue 
rays, a high percentage of the seeds become dormant. The violet, indigo, 
and blue rays are more effective in producing dormancy than the longer red 
rays since a semi-stable condition can frequently be produced in non-light- 
sensitive seeds by drying the moist seeds while exposed to the shorter wave 
lengths of light. The main factor influencing the germination response of 
seeds when dried while exposed to the different colors of the spectrum ap- 
pears to be the degree to which dormancy has been broken, which state in 
turn is influenced by the temperature and the period of exposure to light. 
In order to duplicate these results it is suggested that the moist lettuce seeds 
be given an exposure to light for a period of 24 to 48 hours, since an ex- 
posure for only a few hours may not be sufficient to break the stable condi- 
tion in the embryo while a prolonged storage over water will cause an 
increase of dormancy and finally deterioration of the seeds. 

The influence of light on the germination of lettuce seeds has been 
studied by Fin,’ who has found that the longer wave lengths of the visible 
spectrum promote germination while the shorter wave lengths are not only 
ineffective in promoting germination but may inhibit it. Since the red rays 
are effective in breaking the dormant condition and promoting germination 
while the blue rays cause the formation of a semi-stable condition, it ap- 
pears that there may be an intermediate region of the spectrum which has 
no appreciable influence on certain physiological processes in the embryo 
associated with the dormant state. That there is a region of the spectrum 
between the blue and the red rays which has less influence on the embryo 
than the rays on either side is suggested by the germination response of let- 
tuce seeds after they are dried while exposed to the green rays. These ob- 
servations have been made upon Grand Rapids lettuce seeds which usually 
exist in a dormant condition which makes them particularly sensitive to 
light. A corresponding semi-stable condition may or may not be present to 
such an extent in other varieties of lettuce seeds, and this fact must be taken 
into consideration when studying the response of different lots of seeds to 
light. 

Lettuce seeds are continually changing organisms which show different 
degrees of dormancy depending on the age or physiological condition of the 
seeds. The seeds often exist in a dormant condition in which certain of the 
life processes necessary for germination appear to be in a state of delicate 
equilibrium. This condition can be broken by exposing the moist seeds to 
light. A similar unstable condition can be formed again by drying the 
seeds in daylight or by exposing them to the shorter wave lengths of the 


8 Funt, L. H. Light in relation to dormancy and germination in lettuce seed. 
Science 80: 38-40. 1934. 
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spectrum. These transformations can be made in the light and without the 
presence of water in the form of a film surrounding the seed. It appears 
that under these conditions light does not facilitate the passage of any sub- 
stance from the seed but causes certain unknown photochemical changes 
within the seed—A. L. SHuck, New York State Agricultural Experiment 
Station. 


A CASE OF CHANGE OF TROPIC RESPONSE 
(WITH ONE FIGURE) 


During a recent trip into the northern woods of Minnesota the peculiar 
formation seen in the accompanying illustration (fig. 1) was encountered. 
This specimen of the black spruce was found near the shore of Lake Hole- 
in-the-wall, a small lake which is located about six or seven miles southeast 
of Marcel. The two lateral branches had each made a three-quarter turn 
and then grew almost directly upward. The upper portions of these two 
branches if seen alone would appear much like the top of the main axis of 
the tree, with laterals extending outward and somewhat drooping. 

Since the lateral branches of the black spruce normally grow nearly at 
right angles to the vertical main axis and perpendicular to the force of 
gravity, they may be said to exhibit plagiotropic response. No attempt, 
however, was made to determine the specific influence or influences respon- 
sible for this position. After making the turn the branches apparently be- 
came definitely negatively geotropic like the main trunk. 

The writer is not certain as to the cause of this abnormal formation but 
thinks that it might have been caused by the mistletoe, Arceuthobium pusil- 
lum, which is known to attack the black spruce in Minnesota and produces 
abnormal development. At the time of the visit to this region he was un- 
aware of the occurrence of this mistletoe and failed to look for its presence 
on this individual tree which was the only one seen which seemed to be ab- 
normal. These two branches, however, are thickened at the curvature and 
resemble mistletoe injury as reported by colleagues who are familiar with 
its pathogenic symptoms. 

Aside from the peculiar unique formation, is the fact that these branches 
are seemingly unaffected in their subsequent growth and have later re- 
sponded to growth forces in such a manner as to resemble the main axis of 
the tree, illustrating quite definitely a change of tropic response. Just 
what forces were brought into play to cause the branches to grow in such a 
way as to form the circle it is difficult to say. The parasite must have stim- 
ulated growth on the upper and outer sides of the curve and then, after the 
growing tip had passed the half circle mark, left the elongating portion un- 
affected. After that, the end of the branch completed the turn until it 
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Fic. 1. Abnormal branches of the black spruce (Picea mariana) which have 
changed their direction of growth to resemble the vertical main trunk of the tree. 


became upright and thereafter continued to grow vertically. One would 
think that the branch, once it had reached the half cirele mark, would have 
continued growing horizontally, for at this point it seems no longer affected 
by the parasite. This horizontal position would have been its normal orien- 
tation. Why it responded to gravity or other forces in a manner different 
from that of normal branches after making the half turn is problematical, 
but it seems quite certain that there had occurred a change of tropic re- 
sponse after the elongating tip portion of the branch had passed the half 
turn resulting in the later vertical growth—W. J. Himmen, University of 
Nebraska. 














NOTES 


Pittsburgh Meeting.—The eleventh annual meeting of the American 
Society of Plant Physiologists was held at Pittsburgh, December 27-29, 
1934, in conjunction with the meetings of the A. A. A. S. The scientific 
programs were held in the Cathedral of Learning, University of Pittsburgh. 
There were four sessions for reading of papers, and joint meetings with the 
Horticulturists, Section G, A. A. A. S., and a joint symposium on plant hor- 
mones with the Physiological Section of the Botanical Society of America. 

Business meetings were held by the Executive Committee on call by the 
President, and matters already in shape for action were attended to in the 
regular business meetings. The reports showed that the last year has been 
one of real progress. Membership is again increasing, and the finances are 
in sound condition. 

The annual dinner was held at the University Club on December 27, 
with more than 100 in attendance. The dinner was made the occasion for 
election of corresponding members, announcement of awards, and a memo- 
rial address on Dr. Karu Ritter von GorEBEL which was prepared by Prof. 
Francis E. Luoyp, McGill University. In the enforced absence of the 
author of the memorial address, it was read by Dr. F. M. ANprEws, Indiana 
University. This address will be published in PLant Puysto.oey in a later 
issue. At the close of the festivities, President Livinaston was tendered a 
memorial of affection and appreciation by graduates of Johns Hopkins Uni- 
versity in honor of his completion of 25 years of service to plant physiology 
at Johns Hopkins. Those who were present will treasure the memory of 
these unforgettable events. 


Summer Meeting.—A summer meeting at Minneapolis and St. Paul 
late in June is in prospect. The arrangements will be made by the Minne- 
sota Section, and members will be informed more fully in the April number 
of PLant PxHystioLoey as to the exact time of the meeting, hotel accommo- 
dations, extent of the program, and social events if any. The summer 
meeting of the A. A. A. S. is scheduled for Minneapolis, and this cireum- 
stance provides an opportunity for a meeting with our oldest Section. 
Previous experience has demonstrated that our Minnesota members and 
friends are past masters in the arts of entertainment and organization of 
meetings. In extending a cordial invitation to all of the members of the 
Society to come to Minnesota, they hope that visitors may come not only 
from the middle west, but also from more distant regions. 


Corresponding Members.—The second election of corresponding mem- 
bers of the American Society of Plant Physiologists occurred at Pittsburgh. 
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Two distinguished plant physiologists were honored: Dr. GorrLieB Haser- 
LANDT of the University of Berlin, and Dr. V. N. Lusimenko of the Botani- 
eal Garden of the Russian Academy of Sciences at Leningrad. Both of 
these men have enjoyed long and active careers in plant physiology, and 
have made notable contributions to the advancement of our knowledge of 
plants and their behavior. The Society has honored itself in honoring 
them. 


Life Membership.—The tenth award of the CHARLES Rem Barnes life 
membership in the Society was made to Professor FREDERICK Frost BLAcK- 
MAN, Fellow of St. Johns College, University of Cambridge, and for many 
years Reader in Botany at Cambridge. He has been a Fellow of the Royal 
Society of London for nearly thirty years, and has been the guiding spirit 
of the physiological work at Cambridge for several decades. This is the 
first time that the award has been made to a scientist residing outside of 
North America. No happier choice could have been made at this time. 


Stephen Hales Award.—The fourth award of the SrepHEN Hates prize 
was made to Dr. Cuarues A. SHuut of the University of Chicago. This 
prize was established at the Nashville meeting in 1927, and the previous 
prizemen are Dr. D. R. Hoaacuann, University of California; Dr. W. W. 
Garner, U. S. Department of Agriculture; and Dr. H. B. Vickery, Con- 
necticut Agricultural Experiment Station. These men constituted the com- 
mittee on the award for 1934. In the absence of the chairman of the com- 
mittee, the citation was read by Dr. Cuarues F. Horres, University of Ili- 
nois, and the certificate of award was presented by the President, Dr. 
Burton E. Livingston. 


Program Committee.—The program committee for the St. Louis meet- 
ing in December, 1935, has been appointed. The personnel of the com- 
mittee as announced by President Livineston is as follows: Dr. E. S. 
ReEYNOLDs, Missouri Botanic Garden, chairman; Dr. H. R. Kraysiu, Pur- 
due University; Dr. S. V. Eaton, University of Chicago. The secretary- 
treasurer, Dr. A. E. MurNEEK, University of Missouri, is ex officio member 
of the committee. 


Editorial Board.—At the end of our first decade, the constitution and 
by-laws of the Society are being carefully examined by the executive com- 
mittee for possible improvements. Many changes are likely to be proposed. 
One of the most important changes will affect the size and constitution of 
the editorial committee for the official journal, PLAant PHysioLoay. Pro- 
vision will be made for appointment of some of the members of the editorial 
staff by the executive committee, and for election of some members by the 
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Society. The editorial staff will be enlarged possibly to eight members, five 
appointive and three elective for definite terms, so that more fields, such as 
horticultrre, forestry, ete., can be represented on the board. Constitu- 
tional changes will wait on approval of the changes by ballot of the mem- 
bers; but by-law changes are put into effect on unanimous approval by the 
executive committee. 


Cost of Reprints.—Arrangements are being made for a reduction in the 
price of reprints. In order to effect any saving to our members it will be 
necessary to have full cooperation of authors of papers. The prompt exe- 
eution of orders at the time galley proofs are returned to the editorial office 
is a part of the plan. Blanks giving the prices charged according to length 
of the reprint will be attached to the galleys, and blanks are included for 
ordering reprints and for shipping directions. As in the past, 50 free re- 
prints without covers will be added to the orders; but in case the author 
orders no reprints no gratis reprints are to be sent. Authors should keep 
these provisions in mind in making up orders. 


Endowments.—Three of the endowment funds of the American Society 
of Plant Physiologists are in excellent condition. The general endowment 
is very much too small. The Society is in position to accept and administer 
gifts and bequests in accordance with the wishes of the donor upon the ap- 
proval of acceptance of gifts for special purposes by the executive com- 


mittee. An approved form for bequests will be sent to any one interested 
in making bequests to the Society. Cash gifts to the general endowment 
are weleome at any time, and will be put to work at once upon receipt. 
Occasional gifts have been made to the endowment during the last several 
years, and it is hoped that more friends may assist in the development of 
the Society in this practical way. 


Portraits——With the appearance of the April number of PLant Puysi- 
oLoGy, two additional portraits will be added to the collection of. prints 
available for distribution. The full set of 20 reprints of portraits may be 
had for $2.00 plus postage and insurance. 


Water Relations Reprints Wanted.—<A new edition of ‘‘The plant in 
relation to water’’ by N. A. Maxrmow is in preparation. The author of 
this work would appreciate it very much if he might receive reprints of 
important contributions on this subject from all American investigators 
who have worked in this field. The international character of scientific 
knowledge makes such cooperation very desirable. Those who wish to assist 
him should address Professor N. A. Maxtmow, Institute of Grain Farming, 
Postal Agency 20, Saratov, U.S.8.R. 
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Statistical Methods.—The fifth edition of R. A. FisHEr’s Statistical 
Methods for Research Workers has been published by Oliver and Boyd, 
Tweeddale Court, Edinburgh, or 33 Paternoster Row, London E.C. The 
changes are again insignificant. Section 5 is now a historical note; section 
49.1 on analysis of covariance has been enlarged; section 21.01 considers 
Yates’s correction for continuity; and 21.02 gives the exact treatment of 
2x2 tables. It is a useful work for those who are obliged to master and 
use statistical methods in research. Most investigators would find it ad- 
visable to be familiar with the practical usefulness of statistics in testing 
their results. The price of the volume is the same as for the earlier edi- 
tions, 15 shillings net. 


Excretion and Secretion—Volume 32 of the Monographien aus der 
Gesamtgebiet der Physiologie der Pflanzen und der Tiere is entitled Die 
Stoffausscheidung der hdheren Pflanzen. The author is Dr. A. Frey- 
Wysstine of the Federal Technical Highschool, Ziirich. The introduction 
sets forth the scope of the work, and defines the various forms of elimina- 
tion of materials from the plant body. Section I considers the deposition 
of cell walls, the substances laid down in them, and the structures that ap- 
pear, such as the micellae, intermicellar spaces, and intermicellar deposits; 
the physiology of the cell walls is summarized in the latter part of this sec- 
tion. Section II deals with ‘‘recretion,’’ the removal of inorganic elements 
that have been taken in from the soil, function for a time in the plant, and 


are then deposited in crystalline or other insoluble form. Calcium salts 
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and silicon dioxide deposits are the two main ‘‘recretions.’’ Section III 
deals with excretion proper, and section IV with secretion. A brief sum- 
mary closes the text. There is a bibliography of about ten pages, a subject 
index, and 128 figures. It is a useful summary of the last stages of metabo- 
lism in plants. The book may be obtained from the publisher, Julius 
Springer, Berlin, at RM 28 for brochure copies, and RM 29.4 for cloth 
bound. 








